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ABSTRACT 
Through geographical and evolutionary isolation, Australia is highly susceptible to 
invasive plants including noxious weeds. Significant environmental and economic 
impacts created by the presence of noxious weeds became the driving factors in targeting 
effective and efficient detection and tracking methodologies in this research project. 
This project aims to determine the spectral signature of the declared noxious weed St. 
John’s wort (hypericum perforatum L.) through the application of remote sensing 
techniques to satellite imagery incorporating known locations. The intention here is to 
enhance practices undertaken by local control authorities and other stakeholders by 
enabling effective remote detection and tracking capabilities. Specific project objectives 
include acquisition of freely available, regularly captured remotely sensed data, utilisation 
of freely available geographic information system / remote sensing software packages and 
techniques, mapping existing occurrences of St. John’s wort throughout the Bega Valley 
Shire local government area, and investigation of the potential to use the techniques 
adopted in St. John’s wort identification and tracking programs. 
The project methodology included identification of background pertinent to noxious 
weeds (specifically St. John’s wort), review of remote sensing techniques, identification 
of the spectral signature of St. John’s wort through compilation of a list of known 
locations and application of remote sensing land cover classification techniques, and 
review and discussion of the potential to develop identification and tracking programs. 
Results obtained through application of the project methodology ranged in accuracy 
through different seasonal points of data capture. Key project limitations contributing to 
the accuracy of results include data resolution and site accessibility. Privacy implications 
removed the potential to ground truth results during the analysis phase, and the relatively 
coarse resolution of the freely available satellite imagery used had a correlation to 
accuracy of results obtained via the land cover classification technique utilised. 
Conclusions drawn reiterate the implications of data and site access limitations inherent 
to the project, as do the recommendations for further study. 
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CHAPTER 1 – INTRODUCTION 
 
1.1 Introduction 
Noxious Weeds create both economic and environmental impacts across the globe. 
Sheppard et al. (2003) attest to this, discussing the threats to biodiversity and worldwide 
financial burden. Australia, through geographical and evolutionary isolation is highly 
susceptible to invasive plants including noxious weeds (Thresher 1999), and this 
susceptibility has led to estimated economic costs through control of weeds and output 
losses caused by weeds in excess of $4 billion.  
Such impacts create the need for vegetation management strategies which look at noxious 
weed identification, classification, detection, and treatment and control methodologies. 
Regarding the detection element of such methodologies, the field of remote sensing 
provides applications which can assist stakeholder groups including control authorities in 
detecting the presence of weeds remotely. This remote detection provides obvious time 
and cost advantages. 
This project focusses on one particular noxious weed prevalent throughout south east 
Australia, specifically the Bega Valley shire in New South Wales; this weed being 
hypericum perforatum L., common name St. John’s wort. In focusing on St. John’s wort, 
this project looks to test whether freely available remotely sensed data can adequately 
detect the weed’s presence, such that this remote detection may aid development of a 
methodology enabling remote identification of new infestations for early targeted 
treatment. 
This introductory chapter is to provide the project background and set the context with 
respect to the overall intention and targeted outcomes of the project. This will be achieved 
through stating origins, the problem and the significance of the study; detailing the aims, 
objectives, scope and limitations of the study; and also through provision of an overview 
of the dissertation structure.  
A literature review carried out (refer Chapter 2) expands on the impacts of St. John’s wort 
by profiling the weed in detail, and also identifies existing applications of remote sensing 
in the field of vegetation management, specifically weed detection. These factors 
combined form the nucleus around which this research project is based.   
 
1.2 Origins and Statement of the Problem 
Regarding origins, the project concept developed from initial discussions on potential 
remote sensing forestry projects with university staff while attending residential school. 
This then evolved into discussions on declared noxious weeds with the vegetation 
management team at Bega Valley Shire Council, during which the potential for 
implementation of an efficient and effective St John’s wort tracking methodology via 
remote sensing was identified. 
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Further discussions with the vegetation management team, and contact with local land 
care groups with a shared interest in increasing awareness of the impacts St. John’s wort 
can have and establishment of effective registration and mapping methodologies, spurred 
the initial project concept into a formal proposal and specification. 
The specific problem addressed in this project stems from those initial discussions with 
the vegetation management team, with emphasis on efficiency, particularly with respect 
to time and cost. A small vegetation management team, covering a shire in excess of 
600,000 hectares (Australian Bureau of Statistics 2016) on a lean local government 
organisation budget, equates to a need for programs implemented to be efficient in terms 
of both time and cost. 
Time and cost efficiency are also key considerations for other stakeholders with an 
interest in noxious weed management, such as local landcare groups. 
 
1.3 Significance of the Study 
It is from those key considerations of efficiency outlined in Section 1.2 above that the 
project’s significance grew. That is, a fundamental desire to establish a means for St. 
John’s wort detection via remote sensing applications available at limited or no cost, 
which subsequently enable time efficient tracking methodologies. 
The relevance of the project can be attributed to the initial interest level from the 
vegetation management team at Bega Valley Shire Council, i.e. the legislated local 
control authority. For reasons established above, an appetite exists for low or no cost 
remote sensing applications which can aid noxious weed management programs.  
 
1.4 Aim and Objectives 
1.4.1 Project Aim 
The broad project aim is to identify St. John’s wort’s spectral signature. That is, to detect 
the level of electromagnetic energy reflectance of the weed, using freely available 
remotely sensed data and remote sensing processing methods. 
Identification of the declared noxious weeds’ spectral signature requires establishment of 
a sound base of known locations, then once identified the signature can be used to track 
spread or (ideally) demise of known occurrences. Perhaps more importantly, knowing the 
weed’s signature will also enable remote detection of new and/or previously unknown 
occurrences. Harnessing this ability to identify previously unknown occurrences remotely 
will ultimately aid early targeted treatment of the weed. 
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1.4.2 Specific Objectives 
The specific objectives of the project are listed below. The research methods discussion 
(refer Chapter 3) expands on these objectives in the form of sequential tasks. 
 
1. Obtain remotely sensed data, freely available and regularly captured, covering the 
study area. 
 
2. Utilise freely available geographic information system / remote sensing software 
packages and remote sensing techniques to identify the spectral signature of St. 
John’s wort. 
 
3. Map locations / occurrences of St. John’s wort throughout the Bega Valley Shire. 
 
4. Investigate the potential to use the techniques reviewed in previous objectives in 
St. John’s wort identification and tracking programs. 
 
1.5 Scope and Limitations of the Study 
The scope of the study as outlined in preceding sections incurred limitations on two key 
fronts: data resolution and site accessibility. 
In keeping with the project aim and objectives, data acquisition was limited to freely 
available satellite imagery, specifically imagery captured by the Landsat 8 satellite. The 
relatively coarse resolution of this imagery had an impact on results obtained, as 
highlighted in Chapter 4 and further discussed in Chapters 5 and 6. 
Site accessibility proved a major influencing factor on project outcomes due to privacy 
implications expanded on in the project methodology. Subsequent inability to ground 
truth known locations had a distinct impact on analysis of results obtained. 
Furthermore, as outlined within the literature review, the scope of this research project is 
restricted to addressing St. John’s wort from the noxious weed viewpoint. 
 
1.6 Organisation of Dissertation 
This dissertation comprises six core chapters, followed by appendices containing 
supplementary information. 
The project is introduced in Chapter 1 via statement of origins and the problem faced, an 
outline of the significance of the study, statement of the project aim and specific 
objectives and a discussion on scope and limitations of the study. 
Chapter 2 presents key findings of the literature review carried out during the initial phase 
of the project. This review focusses on the broad areas of noxious weeds (with specific 
detail on St. John’s wort) and remote sensing (with particular emphasis on weed detection 
methods).  
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Research methods are defined in Chapter 3, initially via a broad methodology and a study 
area overview, and subsequently through detailing steps of the data capture and 
acquisition, data processing and data analysis phases. 
The results of the research methodology are presented in Chapter 4. 
Chapter 5 presents a thorough discussion of results obtained with reference back to the 
project background, aims and objectives together with the earlier findings of the literature 
review plus the methodologies utilised. 
Finally, Chapter 6 concludes the dissertation and also provides recommendations for 
practical applications and potential future research. 
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CHAPTER 2 – LITERATURE REVIEW 
 
2.1 Introduction 
The proceeding content of this chapter delivers a summary of the literature reviewed 
during the early stages of project planning. The two broad research categories of noxious 
weeds and remote sensing are broken down into contextual sub-sections. 
Noxious weeds are defined and discussed in terms of impacts (both environmental and 
economic) and classification / national significance. Subsequently the subject noxious 
weed, St. John’s wort, is profiled in terms of scientific composition, toxic properties, 
distribution and control. 
With respect to remote sensing, this field is defined and discussed through a brief history 
and overview of applications; highlighting a link to noxious weed monitoring and 
tracking through the vegetation management applications outlined.  Data and image 
collection, processing methods and the practice and methodologies of spectral signature 
identification and weed detection are then discussed with links to remote sensing 
applications pertinent to such vegetation management interests. 
 
2.2 Noxious Weeds 
At elemental level, a noxious weed can be defined simply as a harmful plant growing 
where it is not wanted: 
noxious, adj. (and n.). Harmful, poisonous, injurious; unwholesome. 
weed, n. A herbaceous plant not valued for use or beauty, growing wild and rank, 
and regarded as cumbering the ground or hindering the growth of superior 
vegetation. (Oxford English Dictionary 2016). 
From this rudimentary definition comes a multi-faceted body of knowledge dealing with 
all aspects of weeds (noxious or otherwise) including scientific properties, economic 
impacts, environmental impacts, identification, classification, detection, treatment and 
control methodologies and legislation implemented to address these aspects. Economic 
and environmental impacts are obvious drivers with respect to research and other 
stakeholder group activities undertaken throughout Australia. 
Due to the geographical and evolutionary isolation of Australia, the country has an 
ecology that is highly susceptible to invasive plants, including noxious weeds (Thresher 
1999). Australian surveys have estimated that weeds comprise up to 80% of pasture mass 
and place a significant burden on the livestock owners and the agriculture sector (Vere, 
Jones & Dowling 2004). 
Sinden et al. (2004) estimated the mean financial cost to the economy directly attributable 
to weeds as $4.039 billion. This figure comprises costs of control and losses in output in 
the agriculture industry, together with costs of control associated with the natural 
6 
 
environment (National Parks and other areas listed as natural in National Heritage Trust 
agreements), public authorities (government authorities other than National Parks and 
Wildlife Services), indigenous lands in the Northern Territory and commonwealth 
research.  
Globally, foreign plant species are the most costly threat to biodiversity, placing a 
significant financial burden worldwide (Sheppard et al. 2003). For example, similar 
economic burden can be seen in New Zealand where there exists an equally susceptible 
ecology combined with the introduction of a large amount of plants species (Hayes et al. 
2013; Williams & West 2000). 
Environmental impacts of weeds also give rise to concerted research and field-based 
mitigation efforts. Couttes-Smith and Downey (2006) highlight weeds to fall within the 
second greatest cause of biodiversity loss after habitat loss. In Australia, environmental 
weeds are responsible for the extinction of at least four plant species and have the 
potential to force many more native plants into extinction and threaten Australian 
ecosystems (Groves & Willis 1999). 
 
2.2.1 Noxious Weed Classification 
Many plants growing where not wanted are considered weeds; in Australia alone over 
2,700 plants are classed as weeds (Lazarides, Cowley & Hohnen 1997) with over two 
thirds of these having been introduced legally as garden ornamentals. Of this quantity, 
however, only those spreading widely and causing detriment to the environment or 
economy are considered noxious weeds in accordance with applicable classification 
legislation (Illawarra District Noxious Weeds Authority 2011). 
While fixed to be repealed on the commencement of the Biosecurity Act 2015, 
traditionally the Noxious Weeds Act 1993 allows for noxious weed identification, 
classification and control. With respect to declaration of noxious weeds the criteria set 
determine that a plant needs to: 
 Have potential to cause harm to people; 
 
 Be controllable by reasonable means, and the cost of which mustn’t outweigh 
community benefit from implementation; and 
 
 Potentially spread, either within the immediate area or to other areas (NSW 
Department of Primary Industries 2016) 
Once assessed against these criteria, a plant may be declared a noxious weed via clause 
7(2)(a) of the Noxious Weeds Act 1993. Upon such declaration, the noxious weed is then 
classified according to the following class hierarchy: 
 Class 1 – State Prohibited Weeds 
 
 Class 2 – Regionally Prohibited Weeds 
 
 Class 3 – Regionally Controlled Weeds 
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 Class 4 – Locally Controlled Weeds 
 
 Class 5 – Restricted Plants (Noxious Weeds Act 1993). 
Presently five hundred and thirty nine (539) plants have been declared noxious weeds in 
Australia (Invasive Plants and Animals Committee 2015), thus approximately one fifth of 
all weeds within the country have an identified potential to cause harm. 
 
2.2.2 Weeds of National Significance 
The significant impact of noxious weeds on the Australian environment and economy 
prompted an in-depth study, concluded by Thorp and Lynch in 1999, the objective of 
which was to identify and rank species so widespread and insidious that they have 
become of national significance (Thorp 1999; Thorp & Lynch 1999). 
Invasiveness, impact, spread potential and socioeconomic and environmental values 
comprised the assessment criteria for the study, aligning with legislative noxious weed 
declaration criteria, though investigating a comparison of individual plants further via 
output of a ranked, nationwide shortlist. Seventy one (71) plants were assessed as an 
outcome of the study; the subject St. John’s wort ranking forty two (42), highlighting its 
significance across the nation.  
 
2.2.3 St. John’s Wort 
St. John’s wort (hypericum perforatum L., from the family clusiaceae) is a native of 
North Africa, Europe and Asia (Parsons 2001; Southwell & Bourke 2001) brought to 
Australia in 1875 as a garden plant. The plant, which competes with useful plants in 
pastures, was first recorded as a weed in the state of Victoria in 1893, and now occurs 
throughout New South Wales, Victoria and South Australia, with the southern tablelands 
and slopes of New South Wales and north-eastern Victoria being home to the heaviest 
infestations (CRC for Weed Management 2000; Naughton & Bourke 2007). 
Figure 2.1 below shows the St. John’s wort flower in detail while Figure 2.2 highlights 
the potential for the weed to spread and compete with potentially useful plants in 
pastures. 
     
Figure 2.1 and Figure 2.2 – St. John’s wort flower and example of potential spread (NSW Department of 
Primary Industries 2014) 
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2.2.3.1 Scientific Overview 
The bright yellow flowers of St. John’s wort, which appear between the months of 
October and January, are the primary identification feature. Flowers measure 
approximately twenty two (22) millimetres across and have five (5) petals. Other 
distinguishing features include that leaves and branches are always opposite each other on 
the stem, also that leaves have a perforated appearance when held to light (CRC for Weed 
Management 2000; Naughton & Bourke 2007).     
St. John’s wort produces non-flowering stems from its crown during autumn and winter, 
these die in spring giving way to flowering stems which die the following autumn. The 
root structure of the plant comprises one set which grow vertically to approximately one 
metre in depth, and one set which grow horizontally and produce buds which form new 
aerial growth (Naughton & Bourke 2007). 
The plant produces a sticky three-celled fruit capsule, which on ripening through summer, 
splits open to produce anywhere up to 33,000 seeds that will germinate given mild 
temperatures, adequate rainfall and light (CRC for Weed Management 2000; Naughton & 
Bourke 2007). 
 
Figure 2.3 – St. John’s wort scientific depiction (Landrein 2010) 
Barnes, Anderson and Phillipson (2001) confirm the major active chemical constituents 
include hyperforin and hypericin; flavonoids and tannins are also present. It is the 
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hypericin content of St. John’s wort which, when eaten by livestock causes 
photosensitisation of exposed skin, affects the nervous system and alters heart, blood 
vessel and intestinal function; results of these effects can include weight loss, reduced 
reproductive performance and in the worst case, death (Agriculture Victoria 2015).  
In contrast to the impact of St. John’s wort on the environment and livestock, it is 
important to note that the chemical constituents of St. John’s wort have positive uses in 
medicinal applications. Studies in recent times have highlighted successful outcomes with 
respect to treatment of mild and moderate depression (Bilia, Gallori & Vincieri 2002; 
Galeotti et al. 2010). While it is acknowledged that St. John’s wort has value as a 
medicinal plant, as noted in Section 1.5 the focus of this research relates to St. John’s 
wort as a noxious weed, and the associated impacts from this perspective. 
Two primary strains of St. John’s wort occur in NSW, the more prevalent narrow-leaf 
strain which due to more oil glands in its leaves contains higher levels of hypericin, and 
the less prevalent broad-leaf strain with fewer oil glands and subsequently lower 
hypericin levels. As the descriptors suggest, the width of the leaf provides the most 
reliable characteristic from which to distinguish between the strains; the narrow-leaf 
strain has leaves 7-9mm wide and the broad-leaf strain has leaves 10-12mm wide, when 
measured at the sixth node on the flowering stem during spring growth (CRC for Weed 
Management 2000; Naughton & Bourke 2007).  
2.2.3.2 Toxic Properties 
The increased rate of production of hypericin within the plant through the spring growth 
period causes a significant seasonal variation. Hypericin levels continue to rise through 
flower head development and reach a maximum when in full flower, decreasing thereafter 
as flowers are lost over the course of the summer (Southwell & Bourke 2001).  Table 2.1 
below shows average seasonal variances in hypericin production of the narrow-leaf strain 
(Naughton & Bourke 2007). 
 
Growth Stage Time of Year Hypericin Level 
Upright flower spikes September to November 300 – 600 ppm 
Full flower November to December 1000 – 5000 ppm 
Development of fruiting capsules January to March 3000 – 1500 ppm 
Growth of prostrate winter stems March to June 1500 – 300 ppm 
Winter stem growth June to September 100 – 300 ppm 
Table 2.1 – Seasonal variance in hypericin production levels in the narrow-leaf strain 
 
Suppression of growth rate by grazing or other means will subsequently suppress 
hypericin production (Bourke & Southwell 1999). 
Grazing animals will only eat St. John’s wort when supply of other staple food sources is 
limited, though when ingested hypericin enters the bloodstream and becomes poisonous 
when activated by sunlight within blood vessels in the skin. Signs of hypericin poisoning 
can develop within five hours on sunny days, with symptoms including agitation, 
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confusion, depression, panting, abnormally high body temperatures, hind limb weakness 
and swelling around the eyes and forehead (Naughton & Bourke 2007). 
A direct link exists between hypericin poisoning and several forms of production loss 
including weight loss, failure to gain weight, reduced wool production in sheep, reduced 
milk production in cattle and lower fertility rates. Tolerance levels vary among animals 
given that different levels of skin protection influence activation by sunlight and, while 
rudimentary, treatment by holding affected animals in full shade with good feed and 
water until accumulated hypericin is excreted (up to seven days) proves effective (Bourke 
& Southwell 1999; Bourke 2000; Naughton & Bourke 2007; Southwell & Bourke 2001). 
2.2.3.3 Distribution 
Globally, St. John’s wort is considered a weed in twenty one (21) countries. Since its 
introduction to Australia the weed has spread to infest large areas in New South Wales 
and Victoria. The weed also occurs to a lesser extent in South Australia, Western 
Australia, Queensland and Tasmania.  
Spread occurs either by lateral roots (increasing individual plant size) or by seed carried 
by wind, water, machinery or animals. 
Figure 2.4 provides an overview of recorded occurrences of the weed across Australia. 
 
Figure 2.4 – Distribution of St John’s wort across Australia (Australia's Virtual Herbarium 2016) 
In New South Wales, distribution generally occurs along the eastern seaboard from the 
Victorian border in the south to Grafton in the north, and extends inland to areas 
surrounding Albury, Wagga Wagga, Dubbo and Moree. Figure 2.5 depicts this 
distribution and highlights that the heaviest infestations in New South Wales occur on the 
central and southern tablelands and slopes. 
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Figure 2.5 – Distribution of St John’s wort in NSW (NSW Department of Primary Industries 2014) 
 
2.2.3.4 Control 
Control techniques should target weed removal and replacement, and methodologies can 
be categorised as follows: 
Prevention of spread: the least costly and most effective control method. Includes 
regularly checking along boundaries and adjoining parcels, holding stock imported from 
affected areas in isolation for five weeks prior to release in non-affected pastures, 
purchasing only certified seed and establishing a competitive perennial pasture along the 
boundaries of affected paddocks to create a buffer (Naughton & Bourke 2007). 
Burning: while this method will prevent growth and destroy seeds it has a more damaging 
impact on the associated pasture than St. John’s wort itself (Naughton & Bourke 2007). 
Hand weeding: unless the entire root structure is removed this is an ineffective method, 
given that the weed can reproduce from buds produced on its roots (Naughton & Bourke 
2007). 
Herbicides: registered herbicides for the control of St. John’s wort include fluroxypyr 
(selectively removes the weed while minimising damage to grasses), triclopyr plus 
picloram (kills all legumes) and glyphosate kills or severely damages all species growing 
with the weed). Application methods include spot spraying, boom spraying and rotary 
wiper (CRC for Weed Management 2000; Naughton & Bourke 2007). 
Pasture competition: competition from perennial pastures prevents germination and 
establishment by reducing space, light, moisture and nutrient availability. Cultivation and 
cropping to remove the weed and reduce seed reserves prior to sowing a perennial pasture 
is effective on arable land, and on non-arable land the weed can be replaced with 
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introduction of a direct-drilled or aerially sown perennial pasture (Naughton & Bourke 
2007) 
Grazing management: another cost effective control methodology, however poisoning is 
possible so care must be taken. Sheep and cattle can be used separately or in combination; 
sheep graze more closely and cattle have higher tolerance of hypericin. Timing is also 
important and grazing should be restricted to times when hypericin production levels are 
lower during cooler months (Bourke & Southwell 1999; CRC for Weed Management 
2000; Naughton & Bourke 2007). 
Biological control: biological agents for St. John’s wort, of which six out of twelve have 
become established in Australia can effectively reduce spread and density. Effectiveness 
can reach levels where the weed is no longer a concern, though commonly biological 
controls are combined with other methods to achieve the desired result. Examples of 
biological agents include chrysolina beetles, agrilus hypericin beetles, gall midge flies, 
aphis chloris aphids and the aculus hypericin mite (CRC for Weed Management 2000; 
Naughton & Bourke 2007) 
As the above outline of control methodologies suggests, controlling St John’s wort is an 
imposition that can be time consuming, expensive and create ecological consequences. 
 
2.3 Remote Sensing 
Many definitions have been presented for remote sensing since the term was first used 
during the 1960s; all have a common tie back to fundamental early definitions which 
include reconnaissance at a distance and the acquisition of physical data of an object 
without touch or contact. The central concept is that remote sensing is the gathering of 
data at a distance (Campbell & Wynne 2011). 
 
2.3.1 A Brief History and Key Milestones 
Campbell and Wynne (2011) present a detailed history of remote sensing milestones 
since discovery of infrared by Sir William Herschel in 1800 and the beginning of the 
practice of photography in the late 1830s. These milestones can be summarised as 
follows: 
1847: Fizeau and Foucault show that the infrared spectrum shares properties with 
visible light. 
1850s: Practice of photography from balloons. 
1873: Theory of electromagnetic energy developed by James Clerk Maxwell. 
1909: Practice of photography from airplanes. 
1914-18: Aerial reconnaissance practiced during World War I.  
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1920s: Development and early applications of aerial photography and 
photogrammetry. 
1930s: Radar development in the United States, United Kingdom and Germany. 
1939-45: Applications of non-visible portions of the electromagnetic spectrum and 
acquisition / interpretation of aerial photos during World War II. 
1950s: Military research and development. 
1956: Colwell’s research on plant disease detection with infrared photography. 
1960s: First use of the term remote sensing. Also, Tiros weather satellite and Skylab 
remote sensing observations from space. 
1970s: Rapid advances in digital image processing. 
1972: Launch of Landsat 1 satellite. 
1980s: New generation of Landsat sensors utilised on Landsat 4. Also, development 
of hyperspectral sensors. 
1986: Launch of Spot French earth observation satellite. 
1990s: Global remote sensing systems and light detection and ranging (LIDAR). 
Key milestones from this timeline with respect to this research project are Colwell’s 
research on plant disease detection and the launch of Landsat 1 in 1972. 
In 1956 civilian Robert Colwell applied the colour infrared film developed for use in 
World War II to problems inherent in plant sciences. Specifically, Colwell looked at the 
problems of identifying small-grain cereal crops and diseases which impact them. 
Colwell’s systematic investigation of the practical dimensions of established principles 
forms a clear remote sensing milestone which harnessed many of the fields’ opportunities 
(Campbell & Wynne 2011). 
It is such early identification of remote sensing applications to vegetation management, 
coupled with advances in the field since these early revelations. That set the foundation 
for specific research including this project which aims to apply practical remote sensing 
applications to identifying and targeting the noxious weed St. John’s wort. 
The second key remote sensing milestone of important note is the instigation of the 
Landsat program. The launch of Landsat 1 (see Figure 2.6), the first earth orbiting 
satellite designed for observation of the earth’s land areas, in 1972 (Campbell & Wynne 
2011) initiated the program, which has been generating imagery of many locations in the 
world since (Clarke 2003). Campbell and Wynne (2011) summarise three of Landsat’s 
most important contributions as: 
1. The routine availability of multi-spectral data for large regions greatly expanded 
the number of people interested and experienced in multispectral data analysis; 
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2. Creation of incentive for the rapid and broad expansion of uses of digital analysis 
and remote sensing; and 
 
3. Its role as a model for development of additional land observation satellites by 
other organisations throughout the world. 
Of these contributions, the routine availability of multispectral data for use in Geographic 
Information System (GIS) projects is the most significant for this research project. 
Provided that a statement of the data source is referenced there are no restrictions on 
downloaded Landsat data, it can be utilised freely once obtained via the internet (United 
States Geological Survey 2013). 
   
Figure 2.6 and Figure 2.7 – Landsat 1 and Landsat 8 (NASA 2016) 
 
2.3.2 Applications of Remote Sensing 
Following those earliest applications explored for military and civilian purposes in the 
mid-1900s, major categories of practical remote sensing applications used in more recent 
times are summarised by Schowengerdt (1997) as: 
1. Environmental assessment and monitoring; 
2. Global change detection and monitoring; 
3. Agriculture; 
4. Non-renewable resource exploration; 
5. Renewable natural resources; 
6. Meteorology; 
7. Mapping; 
8. Military; and 
9. News / media. 
The primary category applicable to this research project is environmental assessment and 
monitoring, which forms the umbrella category under which vegetation management sits. 
Secondary links to the agriculture and mapping categories also exist; change detection, 
though perhaps not on a global scale, is another application available to supplement the 
tracking component of this project.  
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Remotely sensed data, collected by a sensor that is not in direct contact with the area 
being mapped (Clarke 2003), provides many advantages when utilised for vegetation 
management programs. Measuring and monitoring using such data increases coverage 
and reduces cost, and data captured by satellite allows for more frequent and regular 
measurement (Brooks et al. 2016).  
Examples of specific vegetation management outputs utilising remote sensing 
applications within the environmental assessments and monitoring category include 
analysis of climate variability on vegetation dynamics, impact of drought on natural 
vegetation (Gouveia et al. 2016); species identification, land cover classification, species 
and diversity modelling patterns (Lawley et al. 2016); mapping of vegetation types, 
examining seasonal dynamics to determine periods when areas covered by certain 
vegetation reach a maximum, and to assess interannual changes of vegetation types (Luo 
et al. 2016). 
 
2.3.3 Data and Image Acquisition 
Acquired remotely sensed data is obtained either actively (by transmitting a beam that is 
detected after reflection) or passively (by measuring the light from the sun being reflected 
by the objects being sensed) (Campbell & Wynne 2011; Clarke 2003) 
Active or passive acquisition methodologies require sensors, the core component of any 
remote sensing system (Toth & Jóźków 2016) to record data, and platforms upon which 
to mount these sensors. 
For passively acquired data, cameras have been providing still images in the visible range 
since the birth of remote sensing, where the imaging sensor is placed on the focal plane 
within a rigid camera housing (Toth & Jóźków 2016). All passive optical sensors work on 
the principles of optical radiation transfer, image formation and photo detection 
(Schowengerdt 1997). 
As opposed to passive sensing which relies on reflectance of the suns light, active sensing 
allows for a more targeted approach to a specific ventures’ objectives by transmitting 
radiation of known and controlled properties (Campbell & Wynne 2011; Toth & Jóźków 
2016). Typical active sensing systems are Radar (radio detection and ranging) and Lidar 
(light detection and ranging). 
While effective, the Radar systems which have been in use for decades are expensive on 
airborne platforms, resulting in limited commercial operators. The more recently 
introduced and continually developing Lidar systems are widely available from space 
down to terrestrial systems. 
Satellite systems are predominantly used for classification, including vegetation 
assessment (Rosette et al. 2010; Toth & Jóźków 2016), and airborne and mobile systems 
are primarily used for mapping (Toth & Jóźków 2016). 
Remote sensing platforms comprise the physical vehicles transporting sensors across 
subject areas. They can be broadly categorised as spaceborne (satellite), airborne 
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(aircraft), unmanned aerial system (drone), mobile mapping system (cars, trucks, rail 
cars) and static (fixed time-lapse and real-time devices). 
Satellite platforms have continued to develop and increase in quantity since the launch of 
Landsat 1 in 1972. These spacecraft provide an extremely rich set of data (Clarke 2003) 
and in recent years rapid advancements in technology have enabled a price point to be 
reached whereby image acquisition via these platforms is affordable (Toth & Jóźków 
2016). 
Airborne platforms, while providing certain advantages such as low speed for enhanced 
point distribution of Lidar sensors, are no longer the primary platform due to the recent 
introduction of commercial satellite systems (Toth & Jóźków 2016). 
Unmanned Aerial System (UAS) applications for remote sensing are presently increasing 
due to rapid development of aircraft, and also sensor development for installation on such 
aircraft is growing exponentially (Pajares 2015). 
Mobile Mapping Systems (MMS) work on the fundamental premise of attaching sensors 
to terrestrial vehicles such as cars, trucks and rail cars in order to acquire geospatial data 
(Toth & Jóźków 2016). These platforms have a direct link to Global Positioning Systems 
(GPS) as they were developed at the same time (Novak cited in Toth & Jóźków 2016 p. 
26). 
Static platforms are a relatively new addition with respect to acquisition of remotely 
sensed data. Toth and Jóźków (2016) believe that due to performance and availability, 
permanent installations could offer unprecedented temporal resolution and observation 
capabilities. 
 
2.3.4 Data and Image Processing 
In the context of passive remote sensing, Eastman (2001) outlines the four basic image 
processing operations as follows: 
1. Image restoration: the correction and calibration of images in order to achieve the 
best possible representation of the subject area. This requirement arises through 
the fact that images are acquired at such a large distance, particularly where 
satellite platforms are involved. This results in modifications to incoming energy 
as it travels through long atmospheric paths. Sensors themselves may also modify 
incoming data given they comprise several components of different nature: 
mechanical, optical and electrical. Restoration is either radiometric (removing 
distortions in the degree of electromagnetic energy) or geometric ( registering 
incoming data to the proposed map base); 
 
2. Image enhancement: the modification of images in order to make them more 
suitable for human vision. Key aspects of image enhancement include contrast 
manipulation procedures, composite generation and digital filtering for edge 
enhancement and removal of image blur; 
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3. Image classification: the computer assisted interpretation of remotely sensed 
images. Classification is either supervised (where the software used delineates 
information / land cover based on statistical background data recovered from 
known examples) or unsupervised (where the software helps uncover commonly 
occurring information / land cover then the user provides interpretations 
independently); and 
 
4. Image transformation: the derivation of new images after mathematical treatment 
of the raw image bands. While a practically limitless range of transformations 
exist, one of two discussed in detail by Eastman of particular relevance to this 
research project is vegetation indices. Such indices have been developed to aid in 
vegetation monitoring, with most being based on the interactions between 
vegetation and electromagnetic energy in the red and near infrared wavelengths. 
The resultant advantage of this application is that simple vegetation indices can 
be achieved when red reflectance is compared to infrared reflectance. 
Quite numerous and geographically diverse are other recent studies into vegetation 
management utilising remote sensing techniques. To name but five, Lawley et al. (2016) 
reviewed methods for monitoring indicators of vegetation condition in Australia, Gouveia 
et al. (2016) assessed drought impacts on vegetation activity in the Mediterranean region, 
Brooks et al. (2016) looked into improving the precision of forest parameter estimates in 
the US, Luo et al. (2016) applied remote sensing techniques to monitoring seasonal and 
interannual changes of aquatic vegetation in Taihu Lake, China, and Gatebe and King 
(2016) described the airborne spectral bidirectional reflectance distribution function of 
various surface types.  
 
2.3.5 Spectral Signature Identification 
As outlined in Section 1.4.1, the broad aim of this project is to identify the spectral 
signature – detect the level of electromagnetic energy reflectance – of St. John’s wort. 
This aim provides an insight into the definition of a spectral signature. The European 
Space Agency (European Space Agency 2014) supports this definition, stating that 
individual surface cover types reflect this energy differently in various channels, and that 
the energy (radiation) reflected as a function of the wavelength equates to the spectral 
signature of the given cover. 
By obtaining spectral signatures we are able to distinguish between various surface cover 
types in remotely sensed data, satellite imagery being the form of data most pertinent 
here. Not only is it possible to distinguish between surface cover types, prior studies 
involving noxious weed spectral signature identification within a single surface cover 
type (i.e. vegetation) highlight some of the applications available for detailed 
investigations. 
Spectral reflectance measurements can detect flower head alkaloids and show seasonal 
changes (Carvalho et al. 2013). Such measurements can also aid in development of 
inventories of small and low percent cover infestations of certain weeds (Glenn et al. 
2005) and determine size of infestations and reduction in rangeland productivity (Mirik, 
Steddom & Michels Jr 2006). 
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2.3.6 Weed Detection and Mapping by Remote Sensing 
The literature reviewed relating to weed detection by remote sensing reveals a common 
thread with respect to the challenges faced. That is, various vegetation types produce 
spectral signatures that can be very similar. For example, Pérez-Ortiz et al. (2015) state 
that the similar spectral properties of crops and weeds make the task of weed mapping 
very difficult.  
Despite such challenges, other studies have found potential in the application of remote 
sensing techniques for weed detection. In a subsequent paper, Pérez-Ortiz et al. (2016) 
discuss methods capable of distinguishing crops and weeds despite their very similar 
spectral properties. Earlier, Goel et al. (2003) demonstrated the potential to use remote 
sensing in the visible and near infrared wavelengths to detect weed infestations. 
While the above studies were based on aerial imagery, they do highlight that remote 
sensing approaches to weed detection can be effective. Regarding satellite imagery, prior 
investigations have also identified successful weed detection and mapping applications. 
Five such investigations are summarised below: 
 Castillejo-González et al. (2014) show via results obtained that satellite imagery 
(specifically multispectral QuickBird imagery) can be successfully used to map 
wild oat weed patches in wheat fields over large areas; 
 
 Robinson et al. (2016), in testing detection limits of satellite (Worldview 2) 
imagery on the invasive shrub mesquite, concluded that Worldview 2 imagery 
has great potential for developing mesquite management responses; 
 
 Diao and Wang (2016) believe that their temporal phenology-based detection 
strategy, which utilises Landsat imagery, will facilitate long-term monitoring of 
saltcedar throughout the southwestern United States; 
 
 Hunt and Parker Williams (2006) state that the distribution and abundance of 
flowering leafy spurge can be detected with hyperspectral remote sensing, using 
Landsat 7 and SPOT 4 satellite imagery; and 
 
 Peerbhay et al. (2016) found that the noxious shrub bugweed could be detected at 
accuracies above 85% in open areas and forest margins using Worldview 2 
satellite imagery. 
The above studies prove that the potential exists to utilise satellite imagery for weed 
detection and mapping. As outlined in chapter 1, this project aims to test the specific case 
of the noxious weed St. John’s wort through the Bega Valley Shire using freely available 
satellite imagery. 
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2.4 Summary 
This chapter has presented a summary of existing literature reviewed with respect to this 
research project.  
Noxious weeds have been defined and discussed in context. Environmental and economic 
impacts have been outlined, both of which are drivers for this project. Classification and 
weeds of national significance in Australia have been discussed, and St. John’s wort, the 
subject noxious weed, has been detailed with respect to its scientific make-up (including 
toxic properties), and distribution and control 
The literature review also encapsulated remote sensing, firstly via an overview and brief 
history, then via its applications. Specific applications with respect to vegetation 
management have been expanded upon, highlighting their relevance to this project. An 
overview of data and image acquisition and processing methods has been included, again 
with specific notes of relevance to this project. 
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CHAPTER 3 – RESEARCH METHODS 
 
3.1 Introduction 
This chapter presents the research methodology followed through the course of this 
project. Following a discussion on broad methodology, an overview of the study area is 
presented to outline selection of the area and its geographical location, a brief history, 
socio-economic and biophysical characteristics, and detail of key localities of interest 
within the study area. 
Data capture and acquisition processes are then discussed including reference to privacy 
issues encountered, and this section is followed by presentation of data processing 
methods and techniques used (including pre-processing, classification and post-
processing methods). A discussion on data analysis follows to close out this research 
methods chapter and lead in to the following chapter presenting results. 
 
3.2 Broad Methodology 
The broad methodology for the project is outlined herein as an extension of the specific 
objectives. Tasks are inherently sequential, with minor overlap in some instances. 
Task 1: Identify background pertinent to noxious weeds, specifically St. John’s wort. The 
following items were established as the focal points of this research task: 
 Profiling St. John’s wort (strains, composition, toxic properties, strains, seasonal 
variations, effects on livestock etc.); 
 
 History of St. John’s wort in Australia (how introduced, spread patterns and rates, 
classification, impacts on production etc.); and 
 
 Detection and control mechanisms and their effectiveness. 
The literature review of applicable legislation and published works conducted and 
presented in Chapter 2 presents the background and context behind these focal points. 
Task 2: Review remote sensing techniques. 
The literature review presented in Chapter 2 continues into specific remote sensing 
techniques; with obvious attention to spectral signature identification and change 
detection methodologies. This component of the research phase assists in moving from an 
understanding of noxious weeds from a broad perspective toward an understanding of 
noxious weeds from a remote sensing perspective.  This component also looked at similar 
studies. 
Task 3: Identify the spectral signature of St. John’s wort. This task is broken down into 
the following sub-tasks: 
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 Compilation of a list of known St. John’s wort locations throughout the Bega 
Valley Shire. Interested parties include Bega Valley Shire Council (Vegetation 
Management Team), NSW Local Land Services, NSW Department of Primary 
Industries, local farmer’s networks, local Landcare groups and private property 
owners. Refer elaboration within “Implications and Consequential Effects” sub-
section 3.4.1.1. 
 
 Application of remote sensing techniques to identify the spectral signature of St. 
John’s wort. The two core resource requirements being: 
 
o Satellite imagery – Landsat 8 freely available imagery was sourced via 
the United States Geological Survey. 
 
o Geographic Information System (GIS) Software – for image processing 
and spatial analysis QGIS was the freely available system utilised. 
 
 Test accuracy back across the list of known locations compiled initially, to 
review the consistency of results returned for these locations.  
Task 4: Review overall accuracy of locations / occurrences of St. John’s wort throughout 
Bega Valley Shire. 
Upon completion of task three, using spatial analysis functions within the QGIS software 
to process the spectral signature across the shire resulted in land cover classification maps 
highlighting St John’s wort occurrences via application of a stand-alone signature for this 
vegetation class. 
 
Task 5: Review and discuss potential to develop a tracking program (known occurrences) 
and an identification program (new occurrences). 
From the outputs of task four discussions regarding establishment of a tracking and 
identification programs are presented in Chapter 5. 
 
Task 6: Present a detailed discussion on methods, results and conclusions drawn. 
Drawing the dissertation component of the project to a close, the discussions and 
conclusions contained in Chapter 5 and Chapter 6 also include recommendations for 
potential related research projects that could be conducted in the future. 
 
3.3 The Study Area 
3.3.1 Selection of the Study Area 
Selection of the overall area, that is, the Bega Valley Shire local government area, as the 
study area for this project arose via preliminary discussions on potential remote sensing 
projects with university staff. Those discussions revolved around the author’s geographic 
location and industry activity in the area that might lend itself to remote sensing 
applications. The forestry and agriculture industries stood out in this regard, and 
subsequent discussions with the local Council’s vegetation management team identified 
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the potential benefits of a study that may assist with remote identification of noxious 
weed occurrences. 
The following sub-sections provide an overview of the study area, particularly in terms of 
geographic location, a brief history, socio-economic characteristics, biophysical 
characteristics and target localities within the overall area where St. John’s wort is 
prevalent. 
 
3.3.2 Geographic Location 
The Bega Valley Shire is one of one hundred and fifty two (152) local government areas 
within New South Wales. It is located in the south eastern corner of the state and shares 
common local government area boundaries with Eurobodalla Shire to the north and 
Cooma-Monaro Shire and Bombala Shire to the west. The southern boundary is the 
Victorian border, and the Pacific Ocean defines the eastern boundary along the coastline. 
 
Figure 3.1 – Bega Valley Shire Local Government Area Boundaries (Profile.id 2015) 
 
3.3.3 Brief History 
For thousands of years the communities of the Yuin-Monaro Nations have inhabited the 
land area now known as the Bega Valley Shire. Specifically, the Tadjera-Munji-
Djiringanj Group inhabited the north eastern area, the Thaua Group the central area, the 
Bidawahal and Nulliker Groups the south eastern area and the Monaroo Group the 
western escarpment area. 
The earliest observations of the area by Europeans were in April 1770 when Captain 
Cook journaled his sightings from the Endeavour off the coast between Pambula Beach 
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and Tura Headland (approximately the mid-point of the coastal boundary of the Bega 
Valley Shire). 
Settlement within the Bega Valley Shire commenced in the early 1800s. Eden’s Twofold 
Bay (for wattlebark and whaling) and Bega (for farming / agriculture) were the two early 
focal points of settlement. Due to the lack of road and rail infrastructure, the area relied 
on shipping from the port towns of Bermagui, Tathra, Merimbula and Eden for import / 
export activities for over 100 years (Swinbourne & Winters 2001). 
From foundation through to the Second World War, industry activity in the area 
expanded to include commercial fishing and logging enterprises. After this period, such 
industries diminished and land based transport improvements eventually saw and end to 
coastal shipping. The late 1900s saw the area realised for its attractiveness as a holiday 
destination; improved accessibility assisted visitors, primarily from Melbourne, Canberra 
and Sydney, to discover the area; and today the accommodation and food industries 
alongside health and retail trade form the main industries supporting the Bega Valley 
Shire (Australian Bureau of Statistics 2016; Bega Valley Shire Council 2016b; 
Swinbourne & Winters 2001). 
 
3.3.4 Socio-economic Description 
Statistics from the Australian Census help provide an overview of the socio-economic 
status of an area. While at the time of writing the 2016 Census data is not finalised, 
available Australian Bureau of Statistics data summarised in Tables 3.1 through 3.4 
below presents a snapshot of key statistics for the Bega Valley Shire. 
 
People Bega Valley Shire Australia 
Population 33,468 
(2014)
 23,490,736 
(2014)
 
Median Age 49.9 
(2014)
 37.3 
(2014)
 
People / km
2
 5.3 
(2014)
 3.1 
(2014)
 
Table 3.1 – People Statistics for Bega Valley Shire (Australian Bureau of Statistics 2016) 
 
Economy Bega Valley Shire Australia 
Median Income ($) 35,283 
(2013)
 44,940 
(2013)
 
Median House Sale Price ($) 350,000 
(2013)
 430,000 
(2013)
 
Building Approvals (total private 
sector dwelling units) 
169 
(2014)
 -- 
Table 3.2 – Economic Statistics for Bega Valley Shire (Australian Bureau of Statistics 2016) 
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Top 5 Employing Industries % of all Industry 
Health Care and Social Assistance 13.1 
Retail Trade 12.3 
Accommodation and Food Services 11.1 
Manufacturing 9.3 
Construction 8.7 
Table 3.3 – Industry Statistics for Bega Valley Shire (Australian Bureau of Statistics 2016) 
 
Energy and Environment Bega Valley Shire Australia 
Land Area (ha) 627,895.6 
(2014)
 768,848,540.5 
(2014)
 
Protected Areas (ha) 258,755.0 
(2014)
 137,501,544.0 
(2014)
 
Table 3.4 – Energy & Environment Statistics for Bega Valley Shire (Australian Bureau of Statistics 2016) 
 
3.3.5 Biophysical Description 
This subsection is intended to provide a broad overview of the Bega Valley Shires 
atmospheric and biophysical environments. Atmospheric information is in the form of 
Bureau of Meteorology data captured at three key sites throughout the Shire, and 
terrestrial information is presented in terms of both physical (soil and geology) and 
biological (flora and fauna) data. 
3.3.5.1 Atmospheric Information 
Bureau of Meteorology information, obtained via daily weather observations is 
summarised in Table 3.5 below for three major weather station sites within the Bega 
Valley Shire. 
 
Category Bega AWS 
Merimbula 
Airport AWS 
Green Cape 
Mean Maximum Temperature (°C) 21.8 20.8 19.7 
Mean Minimum Temperature (°C) 8.9 9.8 13.3 
Highest Mean Temperature (°C) 27.1 
(January)
 24.7 
(Jan & Feb)
 23.8 
(January)
 
Lowest Mean Temperature (°C) 2.3 
(July)
 4.1 
(July)
 9.2 
(July)
 
Mean Annual Rainfall (mm) 624.1 766.7 620.0 
Mean Days of Rain ≥1mm 60.8 71.8 71.5 
Mean 9am Wind Speed (km/h) 7.6 9.0 23.9 
Mean 3pm Wind Speed (km/h) 19.0 17.0 29.2 
Table 3.5 – Summary of Weather Observation Data (Bureau of Meteorology 2016a, 2016b, 2016c) 
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3.3.5.2 Soil and Geology 
Soil deposits have been classified by the Geological Survey of NSW into three 
depositional systems. These systems are alluvial plain, estuarine plain and coastal barrier. 
The geological make-up of the Bega Valley Shire area comprises all three of these 
systems. 
The alluvial plain system of the Bega Valley Shire consists primarily of Quaternary 
floodplain and valley fills (silt, clay, fluvial sand and gravel), the estuarine plain system 
consists primarily of Holocene tidal-delta flats and estuarine in-channel bars and beaches 
(marine sand, silt, clay, shell) and the coastal barrier system consists primarily of 
Holocene sandy beaches and beach ridges (marine sand, shell and gravel). 
Deeper geology for the Bega Valley Shire, represented by the Geological Survey of NSW 
as simplified bedrock geology, comprises mainly tertiary sediments and sedimentary 
rocks in coastal areas and Devonian / Ordovician sedimentary rocks further inland 
(Troedson & Hashimoto 2013). 
3.3.5.3 Flora and Fauna 
While extensive clearing for settlement and farming has resulted in habitat loss for native 
vegetation, over 2,000 plant species (mostly native) were recorded when the Bega Valley 
Shire was surveyed during the early 2000s. Remnant vegetation areas, mainly national 
parks and nature reserves, consist of forests and coastal vegetation areas. 
Areas cleared for farming, coupled with favourable conditions, provide opportunity for 
noxious weeds such as St. John’s wort to establish themselves in the area. Travelling 
stock reserves then aid the spread of the weed, given the propensity of its seeds to attach 
themselves to livestock. 
With respect to local flora, over 700 animal species have been recorded throughout the 
Bega Valley Shire in the groups of mammals, birds, fish, reptiles and amphibians. Again, 
clearing has led to loss of habitat (ACT Commissioner for Sustainability and 
Environment 2004). 
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3.3.6 Target Localities of Known St. John’s Wort Occurrences 
Figure 3.2 below presents an overlay of the six localities targeted within the overall study 
area. Figures 3.3 to 3.8 following present a closer look at each individual locality with 
tagged known locations of St. John’s wort. 
 
Figure 3.2 – Overall Study Area 
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Figure 3.3 – Locality 1: Wandella 
 
 
Figure 3.4 – Locality 2: Coolagolite 
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Figure 3.5 – Locality 3: Brogo 
 
 
Figure 3.6 – Locality 4: Coopers Gully 
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Figure 3.7 – Locality 5: Bemboka 
 
 
Figure 3.8 – Locality 6: Rocky Hall 
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3.4 Data Capture and Acquisition 
3.4.1 Obtaining Information Regarding Known Locations 
A fundamental input for the research project as a whole, obtaining a list or register of 
known locations of the subject noxious weed St. John’s wort proved more difficult than 
initially anticipated. The surrounding reason for this is ethics, particularly the issue of 
privacy, as the next sub-section dealing with implications and consequential effects 
attests to. The follow on sub-section shall then discuss the solution arrived at in 
consideration of the issue of privacy.  
3.4.1.1 Implications and consequential effects 
In line with the broad methodology discussed in section 3.2 above, identification of St. 
John’s wort’s spectral signature relies on compilation of a list of known locations of the 
weed. A minimum of thirty locations was targeted to ensure adequacy of input data. Bega 
Valley Shire Council, as the local control authority, holds information regarding known 
privately owned properties upon which St. John’s wort can be found within its rates 
database. This database is not a public register; hence information pertaining to these 
locations is not freely accessible by members of the general public. As such, the 
processes followed in an attempt to obtain input from local landholders were: 
 Application for information submitted to Bega Valley Shire Council under the 
Government Information (Public Access) Act 2009.  
 
 In response to the above-mentioned application, Council’s Governance 
Coordinator issued a letter requesting input to landholders registered in their rates 
database as having St. John’s wort on their property.  
 
 Upon approach and subsequent to the Governance Coordinator’s approval, 
Council’s Communications Team issued a media release regarding the research 
project, with a call for local landholders to make contact with respect to the 
research. 
The above processes netted only four constructive responses from landholders willing to 
provide input to build the list of known locations. 
Another response was suggestive that local landholders feel victimised by the local 
control authority. This may explain the lack of positive responses as evidence that privacy 
is a primary implication, with potential yet perhaps unsubstantiated consequential effects. 
Further to the above, privacy considerations also come into effect post-project. Assuming 
an identification program is implemented by the local control authority, or any other key 
stakeholder for that matter, new occurrences of St. John’s wort will be able to be detected 
without the knowledge of landholders whose land is affected. Here, arguably beneficial 
project outcomes may be scrutinised by those landholders who believe obtaining 
information about their property in such a way constitutes an invasion of their privacy. 
Counter-arguments mounted from the perspective that satellite imagery is freely available 
and that the local control authority may create a means for such projects to be conducted 
internally in the future, will help alleviate such scrutiny, however this is a consequential 
effect that still must be considered.  
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3.4.1.2 Outcome of the pursuit of known location information 
The lack of response to the call for landholders to become involved in the project by way 
of assisting with the compilation of a list of known locations had significant impacts on 
the project. These impacts are presented and discussed at length within Chapter 5, such 
that this sub-section deals only with the methodology adopted to progress the project. 
Further discussion with Council’s governance and vegetation management teams enabled 
an outcome whereby details of known locations of St. John’s wort could be provided 
purely from a spatial perspective. That is, maps with tagged locations were made 
available, however with all cadastral and land tenure layers removed from view. A 
sample is provided in Figure 3.9 below. 
 
Figure 3.9 – Bemboka spatial mark-up of known locations (Bega Valley Shire Council 2016a) 
Access to this information provided spatial detail of numerous known locations 
throughout the northern region of Bega Valley Shire. 
Contact made with NSW Land and Property Information, the NSW Department of 
Primary Industries and NSW Local Land Services netted a positive response in the form 
of a tagged locality map confirming a small pocket in the southern region of Bega Valley 
Shire containing a number of known locations. This map was provided in response to a 
request that NSW Local Land Services distributed through their local landcare and 
farmers’ networks. 
While the above efforts provided sufficient location information with respect to quantity 
of locations, the inability to ‘ground truth’ the information via site visits resulted in a 
desktop study which, for reasons elaborated upon in proceeding sub-sections, has a direct 
impact on the accuracy of results. 
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3.4.2 Landsat Data Capture 
Landsat missions, undertaken as a joint initiative between the US Geological Survey and 
NASA, have seen Landsat satellites capturing images of earth since 1972. Imagery 
utilised for this project was captured by the Landsat 8 satellite launched 11 February 
2013. 
The Landsat 8 satellite crosses every point on earth once every sixteen days, completing 
approximately fourteen full orbits of the earth per day. Between the Landsat 8 and 
Landsat 7 satellites over one thousand images are captured and archived per day. These 
images are accessible at no charge; this access to free imagery, coupled with the high 
frequency of capture, are the two key factors driving the utilisation of these images for 
this project. 
On board Landsat 8 are two instruments for data capture. These instruments are the 
Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS), both of which 
are push-broom instruments (that is, detectors are arranged perpendicular to direction of 
flight and collect images by one line of pixels at a time). The OLI captures nine spectral 
bands, and the TIRS two thermal bands. These eleven bands in total are summarised in 
Table 3.6 below. 
 
Band Description 
Wavelength 
(micrometres) 
Resolution 
(metres) 
Band 1 Coastal Aerosol 0.43 – 0.45 30 
Band 2 Blue 0.45 – 0.51 30 
Band 3 Green 0.53 – 0.59 30 
Band 4 Red 0.64 – 0.67 30 
Band 5 Near Infrared (NIR) 0.85 – 0.88 30 
Band 6 Short-wave Infrared (SWIR) 1 1.57 – 1.65 30 
Band 7 Short-wave Infrared (SWIR) 2 2.11 – 2.29 30 
Band 8 Panchromatic 0.50 – 0.68 15 
Band 9 Cirrus 1.36 – 1.38 30 
Band 10 Thermal Infrared (TIRS) 1 10.60 – 11.19 100 (30)* 
Band 11 Thermal Infrared (TIRS) 2 11.50 – 12.51 100 (30)* 
* TIRS bands acquired at 100m resolution and resampled to 30m resolution in delivered data product. 
Table 3.6 – Landsat 8 Bands Captured (United States Geological Survey 2016a) 
 
The approximate size of each scene captured by Landsat 8 is 170km north-south by 
183km east-west. The subsequent products delivered are 16-bit images scaled to 55,000 
grey levels with a compressed file size of approximately one gigabyte (United States 
Geological Survey 2012). 
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3.4.3 Acquisition of Landsat Data 
The end user acquisition process for Landsat 8 data is via http download through one of 
three US Geological Survey interfaces: 
 Global Visualization Viewer (or GloVis) http://glovis.usgs.gov 
 
 Earth Explorer http://earthexplorer.usgs.gov 
 
 LandsatLook Viewer http://landsatlook.usgs.gov 
For the purposes of this project, the Earth Explorer interface has been used. This simple 
acquisition process requires creation of an account username and password, and allows 
individual scene download or bulk download where multiple scenes are desired. 
Parameters can be set for searching archives including scene path/row, maximum cloud 
cover percentage, daytime only, date range and the like. The standard Earth Explorer 
interface, including Landsat archive data set information, is shown in Figure 3.10 below. 
 
Figure 3.10 – US Geological Survey Earth Explorer Interface 
The localities selected for inspection under this project (refer section 3.3) are all 
contained within the Landsat 8 Path 90, Row 85 scene, an overlay of which is presented 
in Figure 3.11 below. 
 
Figure 3.11 – Landsat 8 Path 90, Row 85 Overlay 
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To enable a seasonal comparison of results, four scenes from the past twelve months were 
obtained, and the details of these scenes are summarised in Table 3.7. Selection criteria 
for these scenes were daytime scenes with less than 60% cloud cover. 
 
Reference 
Date & Time Acquired 
(GMT) 
Date & Time Acquired 
(Local) 
LC80900852016053LGN00 22 Feb 2016 11:50pm 23 Feb 2016 10:50am 
LC80900852015338LGN00 4 Dec 2015 11:50pm 5 Dec 2015 10:50am 
LC80900852015274LGN00 1 Oct 2015 11:50pm 2 Oct 2015 8:50am 
LC80900852015210LGN00 29 Jul 2015 11:50pm 30 Jul 2015 8:50am 
Table 3.7 – Landsat 8 Scenes Utilised (United States Geological Survey 2016b) 
 
Each scene utilised has been processed using the Level 1 Product Generation System 
(LPGS), orthorectified with terrain correction and supplied in GeoTIFF output format on 
Universal Transverse Mercator (UTM) map projection and World Geodetic System 84 
(WGS 84) datum. Regarding the correction level, each scene has had a standard terrain 
correction (Level 1T) which provides systematic radiometric and geometric accuracy by 
incorporating ground control points while employing a Digital Elevation Model (DEM) 
for topographic accuracy.  
 
3.5 Data Processing 
3.5.1 Software 
In keeping with the project background outlined in Chapter 1, to minimise the cost 
associated with carrying out the proposed scope of work, free and open-source software 
solutions were sought. The intention here is that not only this project, but many projects 
similar in nature, are able to be completed without the need for capital outlay on 
specialised software packages. Achieving this brings the project well within the means of 
individuals or organisations with limited or no access to any form of software budget. 
Free and open-source software is simply defined as software that has a lack of restrictions 
on users and zero cost (“free”), and that has source code that is openly shared and is the 
product of collaborative or networked development (“open-source”). 
Of the many free and open-source software packages available, one particularly suited to 
this project and others of its nature, is the package Quantum GIS, more commonly known 
and referred to as QGIS. 
 
Figure 3.12 – QGIS load screen showing version utilised 
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QGIS provides a geographic information system desktop tool for the creation, editing, 
visualisation, analysis and publishing of geospatial information. Other applications 
include a browser for previewing and browsing data and metadata, a server for publishing 
projects and layers, a web client for publishing projects on the web and an android 
application (presently at the experimental build stage). 
QGIS is the free and open-source software utilised for this project. Version 2.16.1 – 
Nødebo was obtained via the QGIS organisation’s website. Numerous plugins are 
available for QGIS, the most important in the context of this project being the semi-
automatic classification plugin (SCP) written by Luca Congedo. This plugin allows for 
supervised classification of remotely sensed images via creation of regions of interest (or 
training areas) and calculation of their spectral signatures. A screenshot of the main QGIS 
desktop interface, together with the SCP window and docks, is provided in Figure 3.13 
below. 
 
Figure 3.13 – QGIS interface including SCP window and docks 
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3.5.2 Data Processing Workflow 
The flowchart depicted in Figure 3.14 below contains the steps followed from data 
capture and acquisition (refer Section 3.4 for further detail) through the pre-processing 
and processing steps to classification results. 
 
Figure 3.14 – Data Processing Workflow 
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3.5.3 Data Pre-processing 
Once each Landsat scene has been downloaded as a GeoTIFF from the selected US 
Geological Survey http interface, extraction of the compressed files reveals the eleven 
individual band TIFF’s together with the quality control layer and a metadata file. The 
metadata file contains information regarding image data which is useful for the first pre-
processing step of conversion of bands to reflectance. 
3.5.3.1 Conversion to Top of Atmosphere Reflectance 
Conversion of Landsat 8 bands from digital numbers to top of atmosphere (TOA) 
reflectance is performed by the SCP as images are imported from the directory (to which 
they have been extracted to) to the QGIS desktop application. This conversion calculates 
the ratio of reflected versus total power energy using the spectral radiance at the sensor’s 
aperture, the earth-sun distance, the mean solar exo-atmospheric irradiances and the solar 
zenith angle. 
3.5.3.2 Dark Object Subtraction Correction 
A dark object subtraction (DOS) correction enables calculation of surface reflectance. 
DOS represents a family of image-based atmospheric corrections, and assumes that a 
portion of the pixels in an image are in complete shadow, which impacts their radiances 
received at the satellite sensor. There are several DOS techniques, and the DOS1 
atmospheric correction technique is performed upon import of images into QGIS when 
the appropriate correction is enabled by check-box (refer Figure 3.15 below). 
 
Figure 3.15 – SCP Pre-processing tab 
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3.5.3.3 Band Set Creation 
Defining a band set prompts automatic creation of a temporary virtual raster, which 
combines three individual band images as colour composites which are useful for photo 
interpretation. By assigning different band numbers to the red-green-blue structure of the 
colour composite, the imported scene is shown in varying colour arrangements. Figures 
3.16 to 3.18 below provide examples of 3-2-1, 4-3-2 and 3-4-6 colour composites. 
   
Figure 3.16 – Band Set 3-2-1 Figure 3.17 – Band Set 4-3-2 Figure 3.18 – Band Set 3-4-6 
 
These three colour composites aid phot interpretation and hence assist in the following 
phases of the project workflow. In particular, the 4-3-2 colour composite is useful when 
reviewing different forms of vegetation to create appropriate regions of interest and 
training areas for subsequent supervised classification processes. 
The main SCP window provides a band set tab (refer Figure 3.19 below) within which 
selected raster bands can be added to the band set to be created. A quick wavelength 
settings drop-down then allows selection of the Landsat 9 OLI [bands 2, 3, 4, 5, 6, 7] 
setting, which automatically sets the centre wavelength of each band, a requirement for 
spectral signature calculation. 
 
Figure 3.19 – SCP band set creation tab 
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3.5.4 Data Processing and Classification 
3.5.4.1 Regions of Interest Training Shapefile 
Regions of interest or training areas are created by drawing polygons over areas of each 
image which contain pixels belonging to the same land cover classes. One is created for 
each land cover class identified in the image.  
Within the SCP, land cover classes are identified via arbitrary identifier (ID) codes 
divided into macroclass ID’s and class ID’s. An individual class ID needs to be assigned 
to each class; multiple class ID’s can then fall under a single macroclass ID in instances 
where several land cover types with different spectral signatures fall under the same land 
cover category. For example, a vegetation macroclass may contain a forest class, a 
grassland class and a crop class. Specifically for this project, an additional vegetation 
class for St. John’s wort will be created, with the target being that its spectral signature at 
the time of data capture is sufficiently different to that of other vegetation in the weed’s 
immediate surrounds. The macroclasses and classes used are detailed in Table 3.8 below. 
 
Macroclass ID Description Class ID Description 
1 Water 1 Water 
2 Sand 4 Beach 
3 Soil 5 Soil 
4 Vegetation 6 Forest 
4 Vegetation 7 Crop 
4 Vegetation 8 Grassland 
4 Vegetation 9 SJW* 
Table 3.8 – Macroclasses and classes utilised (*St. John’s wort) 
 
To capture regions of interest via the SCP in QGIS, a training shapefile (a .shp file) must 
be created via the appropriate SCP dock (refer Figure 3.20 below). 
 
Figure 3.20 – SCP region of interest creation dock 
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Upon creation of the training shapefile, regions of interest are created for each class ID 
and saved to the training shapefile progressively. While many regions of interest are 
created and assigned to appropriate classes with ease (for example, water), certain class 
ID’s require considerable care with respect to region of interest creation, the obvious 
class of particular importance in the context of this project being the St. John’s wort class. 
In order to target the most accurate results possible, the known locations of the weed with 
the largest and heaviest occurrences were utilised. The three key locations in this regard 
were Bemboka, Wandella and Rocky Hall. 
3.5.4.2 Spectral Signature List File 
Running parallel to region of interest creation is the signature list creation process. 
Spectral signatures of each land cover class are calculated considering the pixel values 
within the region of interest for each class. To capture signatures for each class, a 
signature list file (in .xml format) must be created via the appropriate SCP dock (refer 
Figure 3.21 below). 
 
Figure 3.21 – SCP classification dock (signature list) 
Ensuing classifications carried out will be based on the spectral characteristics of the 
signatures contained within the signature list. 
3.5.4.3 Classification Algorithm 
Following directly from spectral signature identification, a classification algorithm is 
performed and applied by the SCP. This algorithm classifies the entire image via a 
comparison of the spectral characteristics of every pixel to those of the reference land 
cover classes established in the previous steps. 
The SCP provides three classification options: minimum distance (calculates the 
Euclidean distance between spectral signatures of image pixels and training area pixels), 
maximum likelihood (calculates the probability distributions for each class and estimates 
if a pixel belongs to a given class) and spectral angle mapping (calculates the spectral 
angle between signatures of image pixels and training area pixels). Spectral angle is 
predominantly used in land cover classifications, and is the chosen classification 
algorithm for this project. 
3.5.4.4 Classification Preview 
The SCP provides the option to create a classification preview, of user-defined size, to 
carry out a basic assessment prior to performing the final classification. A simple preview 
from those carried out during the course of this project is shown in Figure 3.22. 
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Figure 3.22 – Sample classification preview 
Previews create temporary classifications in a separate layer. To perform a preview, 
appropriate colours need to first be applied to each class via the spectral signature list, 
then the desired classification algorithm selected. Previews carried out were set to a size 
of 1000 and utilised the spectral angle mapping algorithm as per final classifications. 
3.5.4.5 Classification Output 
Upon performing classification of an entire image, the output is a raster in which pixel 
values correspond to class ID’s and each colour (as applied to the spectral signature) 
represents a particular land cover class. Spectral similarity of classes can lead to output 
inaccuracy, which in this project has prompted multiple iterations of the process. 
Each iteration utilises data captured by Landsat 8 at different times of the year, such that a 
stronger signature (differing more from that of surrounding vegetation) that may occur 
during a particular season provides greater separation between spectral signatures, leading 
to an increase in classification accuracy. 
The SCP allows for production of classification outputs using only macroclass ID’s via a 
check-box in the classification dock, and classification styles and output (e.g. apply mask 
and create vector options) are also able to be defined. Default settings, including use of all 
class ID’s in classification, have been utilised for this project. Classification outputs for 
each Landsat 8 image utilised are presented in Chapter 4. 
3.5.4.6 Shapefile of Known Locations 
Relating back to the discussion about known locations in Section 3.4.1, an important 
results analysis aid must be created in the form of a shapefile of known locations. This 
shapefile is a basic vector layer comprising numerous points, these points being known 
locations of St. John’s wort obtained through the process outlined in Section 3.4.1. A 
sample of the Brogo, Cooper’s Gully and Bemboka Areas, showing how the layer 
appears when imported into QGIS, is shown in Figure 3.23 below. 
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Figure 3.23 – Shapefile of known St. John’s wort locations 
 
3.6 Data Analysis 
Following the data acquisition and processing phases, the physical outputs and processes 
outlined in the following subsections allow for data analysis. These subsections focus on 
the available tools used and processes performed, the outcomes of which are presented in 
Chapter 4, with a detailed discussion included in Chapter 5. 
3.6.1 Calculation of Classification Accuracy and Statistics 
Performance of an accuracy calculation is a post-processing function. In the SCP, a 
separate tab is provided to display post-processing options (refer Figure 3.24 below for 
the post-processing accuracy tab). 
 
Figure 3.24 – SCP Post-processing (accuracy) tab 
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The accuracy tab enables a classification to be validated in terms of comparison to a 
reference raster or reference training shapefile automatically converted to raster. The 
error raster output provided shows where errors occur on the map. The pixel values show 
comparison categories between the classification and reference by the combinations 
identified in the code within the error matrix. 
Via the accuracy tab this process requires selection of the classification to assess (i.e. the 
classification raster layer must be available in the layers dock), the training shapefile as 
the reference shapefile and class ID as the shapefile field. The ‘calculate error matrix’ 
button triggers the SCP to perform the accuracy calculations. 
 
3.6.2 Classification Report 
As an addition to the information and statistics produced during the previous accuracy 
assessment step, the SCP allows for a high level classification report to be produced 
(refer Figure 3.25 below for the post-processing classification report tab). Using the 
classification report tab, the classification input and ‘use nodata value’ input are selected. 
The ‘calculate classification report’ button then triggers the SCP to produce the report. 
Contained within this report are details including pixel count, areas and percentages of 
each land cover class. 
 
Figure 3.25 – SCP Post-processing (classification report) tab 
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3.6.3 Spectral Distances 
A useful method for assessing class separability, the spectral distance between class 
signatures calculated by the SCP classification algorithm (refer Section 3.5.4.3 for further 
detail) aids in reviewing the overall accuracy of a classification. Of particular interest for 
this project is the level of separability between the St. John’s wort spectral signature and 
the surrounding vegetation (predominantly grassland) spectral signature. Refer Figure 
3.26 for sample spectral distance comparison from the October 2015 scene and Figure 
3.27 for a sample graphical representation of this comparison. 
 
Figure 3.26 – Spectral Distances of Classified Landsat 8 scene 1 October 2015 (Class ID 6 and 7) 
 
Figure 3.27 – Signature Plot of Classified Landsat 8 scene 1 October 2015 (Class ID 6 and 7) 
 
3.6.4 Overlay Shapefile of Known Locations 
The shapefile of known St. John’s wort locations created during the processing phase 
(refer Section 3.5.4.6 for further detail) allows for a manual analysis in the absence of the 
ability to carry out ground truthing. While an obviously valuable tool for classification 
accuracy assessment, for those reasons established in Section 3.4.1 ground truthing has 
not been available as an evaluation tool for this project. In the absence of ground truthing 
data, a desktop truthing process has been carried out using the St. John’s wort training 
shapefile. 
 
3.7 Summary 
This chapter has provided a detailed summary of the research methods engaged during 
the course of this project. Broad methodology was outlined, followed by specific 
methodology broken down into a study area overview, discussion on data capture and 
acquisition, discussion on data processing (including pre-processing, classification and 
post-processing methods) and discussion on data analysis. The research methods outlined 
in this chapter and adopted for this project lead in to subsequent chapters presenting and 
then discussing the results obtained. 
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CHAPTER 4 – RESULTS 
 
4.1 Introduction 
This chapter presents the results obtained through application of the project methodology. 
Results are arranged in date sequence for each Landsat 8 scene utilised. 
For each of the four scenes, results are displayed initially via a classification map of the 
overall study area clipped to the southern extent of the individual Landsat 8 scene. This 
map is followed by individual classification images of the six target localities, with the 
shapefile of known St. John’s wort locations overlayed to highlight instances in which 
classification has correctly identified the weed’s presence. Finally, spectral signature 
plots, signature details and spectral distance comparisons are shown for each of the four 
classifications. 
In the interest of maintaining focus on key results, the spectral distance comparisons 
included this chapter are limited to the St. John’s wort vs. grassland comparison; further 
signature comparisons for each class within each scene are included in Appendix B. 
Similarly, classification reports are located in Appendix C. 
Figure 4.1 provides a sample graphical depiction of the above-mentioned results display 
structure for each Landsat scene. 
     
     
Figure 4.1 – Display structure of results per Landsat scene
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4.2 Landsat Scene 29 July 2015 
 
 
Figure 4.2 – Classified Landsat 8 scene 29 July 2015 
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Figure 4.3 – Classified Landsat 8 scene 29 July 2015 (Wandella locality incl. known locations) 
 
Figure 4.4 – Classified Landsat 8 scene 29 July 2015 (Coolagolite locality incl. known locations) 
 
Figure 4.5 – Classified Landsat 8 scene 29 July 2015 (Brogo locality incl. known locations) 
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Figure 4.6 – Classified Landsat 8 scene 29 July 2015 (Coopers Gully locality incl. known locations) 
 
Figure 4.7 – Classified Landsat 8 scene 29 July 2015 (Bemboka locality incl. known locations) 
 
Figure 4.8 – Classified Landsat 8 scene 29 July 2015 (Rocky Hall locality incl. known locations) 
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Figure 4.9 – Signature Plot of Classified Landsat 8 scene 29 July 2015 (Class ID 1 to 7) 
 
Figure 4.10 – Signature Plot of Classified Landsat 8 scene 29 July 2015 (Class ID 6 and 7) 
 
Figure 4.11 – Signature Details of Classified Landsat 8 scene 29 July 2015 (Class ID 1 to 7) 
 
Figure 4.12 – Spectral Distances of Classified Landsat 8 scene 29 July 2015 (Class ID 6 and 7)
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4.3 Landsat Scene 1 October 2015 
 
 
Figure 4.13 – Classified Landsat 8 scene 1 October 2015  
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Figure 4.14 – Classified Landsat 8 scene 1 October 2015 (Wandella locality incl. known locations) 
 
Figure 4.15 – Classified Landsat 8 scene 1 October 2015 (Coolagolite locality incl. known locations) 
 
Figure 4.16 – Classified Landsat 8 scene 1 October 2015 (Brogo locality incl. known locations) 
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Figure 4.17 – Classified Landsat 8 scene 1 October 2015 (Coopers Gully locality incl. known locations) 
 
Figure 4.18 – Classified Landsat 8 scene 1 October 2015 (Bemboka locality incl. known locations) 
 
Figure 4.19 – Classified Landsat 8 scene 1 October 2015 (Rocky Hall locality incl. known locations) 
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Figure 4.20 – Signature Plot of Classified Landsat 8 scene 1 October 2015 (Class ID 1 to 7) 
 
Figure 4.21 – Signature Plot of Classified Landsat 8 scene 1 October 2015 (Class ID 6 and 7) 
 
Figure 4.22 – Signature Details of Classified Landsat 8 scene 1 October 2015 (Class ID 1 to 7) 
 
Figure 4.23 – Spectral Distances of Classified Landsat 8 scene 1 October 2015 (Class ID 6 and 7) 
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4.4 Landsat Scene 4 December 2015 
 
 
Figure 4.24 – Classified Landsat 8 scene 4 December 2015 
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Figure 4.25 – Classified Landsat 8 scene 4 December 2015 (Wandella locality incl. known locations) 
 
Figure 4.26 – Classified Landsat 8 scene 4 December 2015 (Coolagolite locality incl. known locations) 
 
Figure 4.27 – Classified Landsat 8 scene 4 December 2015 (Brogo locality incl. known locations) 
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Figure 4.28 – Classified Landsat 8 scene 4 December 2015 (Coopers Gully locality incl. known locations) 
 
Figure 4.29 – Classified Landsat 8 scene 4 December 2015 (Bemboka locality incl. known locations) 
 
Figure 4.30 – Classified Landsat 8 scene 4 December 2015 (Rocky Hall locality incl. known locations) 
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Figure 4.31 – Signature Plot of Classified Landsat 8 scene 4 December 2015 (Class ID 1 to 7) 
 
Figure 4.32 – Signature Plot of Classified Landsat 8 scene 4 December 2015 (Class ID 6 and 7) 
 
Figure 4.33 – Signature Details of Classified Landsat 8 scene 4 December 2015 (Class ID 1 to 7) 
 
Figure 4.34 – Spectral Distances of Classified Landsat 8 scene 4 December 2015 (Class ID 6 and 7)
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4.5 Landsat Scene 22 February 2016 
 
 
 
Figure 4.35 – Classified Landsat 8 scene 22 February 2016 
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Figure 4.36 – Classified Landsat 8 scene 22 February 2016 (Wandella locality incl. known locations) 
 
Figure 4.37 – Classified Landsat 8 scene 22 February 2016 (Coolagolite locality incl. known locations) 
 
Figure 4.38 – Classified Landsat 8 scene 22 February 2016 (Brogo locality incl. known locations) 
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Figure 4.39 – Classified Landsat 8 scene 22 February 2016 (Coopers Gully locality incl. known locations) 
 
Figure 4.40 – Classified Landsat 8 scene 22 February 2016 (Bemboka locality incl. known locations) 
 
Figure 4.41 – Classified Landsat 8 scene 22 February 2016 (Rocky Hall locality incl. known locations) 
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Figure 4.42 – Signature Plot of Classified Landsat 8 scene 22 February 2016 (Class ID 1 to 7) 
 
Figure 4.43 – Signature Plot of Classified Landsat 8 scene 22 February 2016 (Class ID 6 and 7) 
 
Figure 4.44 – Signature Details of Classified Landsat 8 scene 22 February 2016 (Class ID 1 to 7) 
 
Figure 4.45 – Spectral Distances of Classified Landsat 8 scene 22 February 2016 (Class ID 6 and 7)
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4.6 Summary 
This chapter has presented the results obtained through application of the project 
methodology.  
In date sequence for each Landsat 8 scene utilised, results have been displayed via a 
classification map of the overall study area, individual classification maps of the six 
target localities, spectral signature plots, signature details and spectral distance 
comparisons. 
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CHAPTER 5 – DISCUSSION 
 
5.1 Introduction 
This chapter provides an in-depth discussion of the results obtained during the course of 
the project. Drawing directly from the outputs presented in Chapter 4, the discussion will 
focus firstly on the results themselves, then on limitations of the study and finally on 
implications for practical applications prior to summarising the key discussion points. 
Regarding the results obtained, the discussion will review notable results worth 
highlighting, whether the results fall within normal expectations and also whether the 
results align with other studies. Limitations of the study will be discussed with a directed 
focus on data limitations, data comparisons, software implications, spectral signature 
similarities and restrictions on site accessibility. 
Finally, implications for practical applications will be discussed from both efficiency and 
effectiveness perspectives, with reference to development of detection and tracking 
methodologies. 
 
5.2 Results Obtained 
In discussing results obtained for each of the four Landsat scenes, the primary 
comparison point is whether classification outputs identify the presence of noxious weed 
St. John’s wort at each of the known locations adopted for the study. This method of 
accuracy review allows for the simplistic desktop ground truthing explained in Section 
3.6.4. Seventy four known locations spread across six target localities formed the baseline 
for such comparisons.  
This analysis methodology was applied in lieu of the validation against a reference raster 
within the QGIS semi-automatic classification plugin described in Section 3.6.1 given the 
assessment can be constrained to a single class verification of known St. John’s wort 
locations. As Table 5.1 highlights, seasonal results varied considerably. 
 
Locality 
July ‘15 October ‘15 December ‘15 February ‘16 
Correct 
ID 
Total 
Known 
Correct 
ID 
Total 
Known 
Correct 
ID 
Total 
Known 
Correct 
ID 
Total 
Known 
Wandella 3 8 2 8 7 8 0 8 
Coolagolite 4 10 3 10 8 10 2 10 
Brogo 3 10 3 10 10 10 2 10 
Coopers Gully 7 8 5 8 6 8 3 8 
Bemboka 21 30 21 30 20 30 12 30 
Rocky Hall 6 8 7 8 6 8 6 8 
Totals 44 74 41 74 57 74 25 74 
Percentage 59% 55% 77% 34% 
Table 5.1 – Classification Accuracy Count 
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The purpose for applying the chosen classification methodology to four separate scenes 
was to review whether time of data capture, from a seasonal perspective, had any 
significant impact on the results. As outlined in Chapter 2, the flowering period of St. 
John’s wort is from October to January, hence two scenes selected from within this period 
and two from outside this period, in anticipation that reliability of outputs may be a 
product of season. 
 
5.2.1 Notable Results 
Upon initial review of the results a correlation between classification accuracy and peak 
flowering activity is evident. That is, classification of the December scene detecting St. 
John’s wort at 77% of known locations, the highest accuracy of all four scenes. This 
provides a promising prospect in that aligning classification timing with the peak 
flowering period is likely to achieve higher detection accuracy. Further analysis of the 
results, however, reveals evidence suggesting that such an approach is not as effective as 
it may appear. 
Classification of the December scene shows a high abundance of St. John’s wort 
throughout all six target localities; including presence in grassland areas where the weed 
is known not to be present (refer Figure 5.1 for sample area extracted from the classified 
image at the Brogo locality). 
 
Figure 5.1 – Sample classification, Brogo locality 4 December 2015 
Such false detection during classification obviously does not constitute a highly effective 
means for stakeholders to use the methodology reliably. Further discussion with respect 
to classification accuracy from the perspective of practical application is included within 
Section 5.4. 
For the other three scenes utilised, classification accuracy when reviewed against known 
locations is significantly lower than the December scene. The February scene in particular 
shows a classification of very low reliability in the context of detecting the presence of St. 
John’s wort, with only 25 of the 74 baseline locations correctly identified. It is difficult to 
determine whether the level of accuracy for this scene is an outlier; while the percentage 
suggests this is the case, again sites at each target locality where the weed is known not to 
be present have been classified as St. John’s wort. In this context, Figure 5.2 provides a 
comparison of the Brogo locality taken from the February scene. 
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Figure 5.2 – Sample classification, Brogo locality 22 February 2016 
The July and October scenes have produced similar results to one another. This outcome 
is interesting as the scenes are from winter and spring, and as outlined above it was 
anticipated that season may influence reliability of classification considering the bright 
yellow flowers through the flowering period would provide a pigment contrast to the 
surrounding grassland areas. The implication here leading to the similarity is likely to be 
the October scene being captured on the first day of the month as opposed to later in the 
month when the weed is progressing deeper into its flowering period. High presence of 
cloud cover for subsequent October and November scenes were the driving factor for use 
of the 1 October scene. 
 
5.2.2 Normal Expectations and Other Studies 
Analysis of whether results obtained fall within normal expectation needs to be preceded 
by defining what in fact normal expectations are. Such expectations vary widely 
depending upon inputs, in this case the input being Landsat 8 satellite imagery. 
Expectations will also differ depending on the specific application. For this project, the 
specific application has no known precedent with respect to normal expectations for 
results, given the specificity of the project aim. This being the case a direct comparison to 
normal expectations cannot be made. In the absence of such a comparison, alignment 
with previous studies of a similar nature can provide a sense of how the results obtained 
in this project compare to those obtained in other projects. 
As outlined in the literature review, Diao and Wang (2016) believe that their proposed 
detection strategy, which utilises Landsat imagery, will facilitate long-term monitoring of 
saltcedar throughout the southwestern United States. In another weed detection study, 
Hunt and Parker Williams (2006) state that the distribution and abundance of flowering 
leafy spurge can be detected with hyperspectral remote sensing using Landsat satellite 
imagery. 
Considering the above-mentioned successes from a normal expectations outlook, the 
results obtained in this project appear to fall short in alignment with prior studies.  
Ultimately, the real world implementation of the methodology utilised in this project will 
depend solely on its effectiveness with respect to practical application. That is, its 
effectiveness when compared to current practices and procedures. A highly effective 
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methodology could potentially enhance or replace existing practices, as identified when 
outlining the project origins and statement of the problem in Section 1.2. At present the 
methodology is not considered effective enough for adoption, the ensuing discussion on 
limitations of the study will elaborate on this viewpoint. 
 
5.3 Limitations of the Study 
This section of the discussion analyses the results obtained with contextual reference to 
the two key items that limited the study and ultimately affected the results, namely data 
and site access. Data will be discussed in terms of limitations of the data utilised and with 
reference to alternative forms of remotely sensed data. Spectral signature similarity is also 
discussed as a product of data selected. Site access will be discussed in terms of 
restrictions, privacy and noxious weed control implications. 
 
5.3.1 Data Limitations 
Prior to delving into data limitations it is important to reiterate the factors driving 
selection of the data utilised. As outlined in Chapter 1, freely available remotely sensed 
data is pivotal to this project. Landsat 8 is the selected source in this regard, and provides 
the additional benefit of high frequency of capture, enabling seasonal application and 
analysis. 
The Landsat 8 data utilised has 30m resolution for multispectral bands and 15m 
resolution for the panchromatic band. This equated to pixels covering an area of 900 
square metres on the ground for the multispectral bands which formed the data basis for 
the project. 
This pixel area is large, and although considered to provide adequate coverage of 
numerous known St. John’s wort locations, some ranging in size between one and six 
hectares (i.e. 10,000 to 60,000 square metres), has caused difficulty in accurately 
detecting smaller infestations. Where an object consumes an area smaller than a single 
pixel, discrepancies in reflectance values can be caused considering surrounding land 
cover. Such pixels are referred to as mixed pixels, as opposed to pure pixels containing a 
single component. A basic depiction of mixed and pure pixels is shown in Figure 5.3, 
which also highlights the impact of image resolution. 
 
Figure 5.3 – Depiction of pure and mixed pixels at different image resolutions (Gong 2003) 
For St. John’s wort infestations covering areas less than a pixel, issues associated with 
mixed pixels come into effect. Despite the absence of ground truthing at known locations 
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(refer Section 5.3.4 for further detail), a number of these locations have been confirmed 
by the Bega Valley Shire Council’s Vegetation Management Team to comprise small 
dense infestations of less than 100 square metres. Leading to mixed pixel presence in the 
Landsat scenes utilised and subsequent classification processes performed, this has been 
an influencing factor in results obtained. As the following section on data comparisons 
shows, alternative data sources could alleviate the impacts of the relative coarseness of 
Landsat data. 
 
5.3.2 Data Comparisons 
With an increasing number of satellite systems capturing data for remote sensing 
applications, there are multiple options available for end users. Some systems provide 
data at no cost, while others operated by stand-alone commercial enterprises charge for 
access to data captured. In some cases the trade-off between cost and resolution is clearly 
evident. This section will provide a high level outline of three alternative options for 
remotely sensed data. 
The European Space Agency (ESA) operates the Sentinel program, with satellites 
capturing imagery at a pixel resolution of 10m. The first satellite, Sentinel-1A was 
launched 3 April 2014, and the program has since been capturing data and allowing 
public access at no cost. Sentinel satellites provide coverage in twelve day cycles, slightly 
more frequent than Landsat’s sixteen day cycles. Comparable to the Landsat program in 
terms of freely accessible data and frequency of capture, the potential advantage that 
Sentinel has over Landsat is finer resolution. The smaller pixel area would remove mixed 
pixel implications to an extent, and this has the potential to increase the accuracy of 
results. 
Commercial satellite operations provide alternative remotely sensed data sources, two of 
particular note due to their presence in prior research activities are WorldView and 
QuickBird.  
Digital Globe operate the WorldView constellation, with the latest WorldView-3 satellite 
providing high frequency (daily revisit), high resolution (1.24m multispectral and 0.31m 
panchromatic) imagery, slightly finer than predecessor WorldView-2 at 1.85m 
multispectral and 0.46m panchromatic.  
The QuickBird satellite, previously operated by Digital Globe also, captured data at 
1.63m multispectral and 0.61m panchromatic. While no longer in commercial operation 
(disengaged 2015) QuickBird imagery was successfully used by Castillejo-González et 
al. (2014) to map weeds within wheat fields, which shows that weed detection within 
surrounding areas of similar spectral reflection is possible at a 1.63m multispectral 
resolution. For comparison purposes scenes captured by Landsat and QuickBird satellites 
are presented in Figures 5.4 and 5.5. In similarity to applications utilising QuickBird 
imagery, WorldView-2 imagery in practical applications produced effective results in 
detecting invasive noxious shrubs (Peerbhay et al. 2016; Robinson et al. 2016) at a 1.85m 
multispectral resolution. 
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Figure 5.4 and Figure 5.5 – Landsat and QuickBird resolution comparison (National Consortium on Remote 
Sensing in Transportation - Environmental Assessment 2005) 
Access to data captured by the WorldView and QuickBird satellites comes at a cost; one 
source providing a price of US$19.00 per square kilometre for WorldView-2 and 
WorldView-3 imagery (Land Info Worldwide Mapping 2016). Based on this rate, full 
coverage of the study area would cost in excess of US$110,000.00. A reduced rate may 
be able to be negotiated directly; however cost efficiency has been identified as a priority 
in this project. The cost of finer resolution and potential increased accuracy associated 
present the trade-off highlighted previously. 
 
5.3.3 Software Implications 
The QGIS software package utilised for the project in general provided high usability, 
however with respect to one particular process it caused significant issues. Pan-
sharpening is a process that combines the spectral information of Landsat’s multispectral 
bands two through seven with the spatial resolution of Landsat’s panchromatic band 
eight. This results in a multispectral image with an enhanced resolution of 15 metres as 
opposed to 30 metres. To achieve this, the QGIS semi-automatic classification plug-in 
performs a transformation calculation to determine the pan-sharpened values for each 
multispectral band. 
Further to the above-mentioned data limitations and comparisons to alternative imagery, 
the intention was to perform a comparison classification with at least one of the Landsat 
scenes after applying the pan-sharpening process. Whilst warnings do exist regarding the 
fact that the pan-sharpening process can introduce classification errors through alteration 
of the spectral signature of pixels in an image, as a comparison against the raw original 
data this process may have provided an interesting discussion point. 
For reasons uncertain at the time of preparing this discussion, the pan-sharpening process 
failed to complete correctly, with error messages ranging from missing attributes through 
to bands not aligned, and program crash on two particular occasions. Despite several 
attempts using original and re-acquired imagery, various combinations of bands included 
and excluded from processing, different input and output directories and with / without 
other atmospheric corrections applied, it was not possible to obtain pan-sharpened 
outputs.  
69 
 
Timing implications of the project deadline unfortunately prevented further investigation 
of errors encountered and additional attempts to apply the pan-sharpening process to the 
original Landsat scenes. 
 
5.3.4 Spectral Signature Similarity 
To outline another limitation of this study, applicable to all remote sensing applications 
aiming to differentiate vegetation types, spectral signature similarity must be addressed. 
As highlighted throughout presentation of results, when Landsat 8 imagery is used in 
classification, the spectral signature of St. John’s wort is very similar to that of 
surrounding grassland areas. To reiterate, Figure 5.6 below shows the similarity in the 29 
July 2015 scene. 
 
Figure 5.6 – Spectral Distance plot of grassland and St. John’s wort from 29 July 2015 Landsat scene 
Such similarity impacts on accuracy of results. The classification process selects and 
assigns the class identification having a spectral signature closest to that of each 
individual pixel within a scene; with St. John’s wort and grassland signatures being so 
similar, potential exists for incorrect class assignment. 
Mixed pixels also play a role in this context, with pixels covering those infestations of 
less than 900m2 containing land cover belonging to other classes. The classification 
process will again assign the class of best fit, creating potential for incorrect classification 
of pixels which do in fact cover known St. John’s wort infestations. Linking to the 
discussion in previous sections, utilisation of higher resolution imagery could reduce the 
quantum of mixed pixels, providing a higher number of pure pixels containing only single 
land cover classes, thus increasing classification accuracies to levels seen in prior 
research activities. 
 
5.3.5 Site Accessibility 
Restrictions on site access proved the most influential limitation of the project. This is 
due to the fact that ability to ground truth known locations was completely removed from 
the project methodology envisaged during the initial planning phase. Ground truthing at 
the time of data capture would have enabled direct comparison of data and classification 
outputs to confirmed conditions at each location. 
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To recap on restrictions briefly, the Bega Valley Shire Council rates database contains 
information on each privately owned property within the Local Government Area upon 
which St. John’s wort is present. This database is not a public register, with Bega Valley 
Shire Council using the information on St. John’s wort contained for purposes prescribed 
to them as the local control authority. Not being a public register equates to information 
contained not being freely accessible by members of the general public. With respect to 
this project, lack of access to this information had a significant impact. Despite attempts 
to garner information via alternative channels, landholder interest in the project was not at 
a level whereby ground truthing could be meaningful; in most cases of known locations 
ground truthing was in fact not possible. 
Without acquiring information on the ground, uncertainties exist regarding what activities 
and prevailing conditions are having an influence on results. Even having mapped 
information on known locations from a spatial perspective only cannot provide current 
data on these activities and conditions, as the mapped information is limited to sighting of 
the weed at a prior moment in time. 
The information that can be obtained on site to aid results analysis can be summarised as 
follows: 
 Date stamping: simply confirming presence of the weed at the point (date) of data 
capture; 
 
 Extent: measurement of the area of coverage and its extents in terms of 
coordinates, for direct comparison to images by pixel; 
 
 Density: thickness of weed coverage at each location in the categories of light, 
medium and heavy; 
 
 Slope and shade: steep slopes can impact on reflectance, as can shade at the 
moment of data capture by satellite; and 
 
 Controls in place: that impact reflectance and spectral signature, for example 
application of herbicide, biological controls etc. 
Absence of any of the above ground condition verifications introduces uncertainty into 
results obtained. That is, results could be more or less accurate than the direct outputs 
suggest, depending on activities being undertaken and prevailing conditions on the 
ground at each site. 
 
5.4 Implications for Practical Applications 
The following discussion is structured around the potential practical applications that may 
evolve from this research project. Applications in the monitoring field are immediately 
apparent, in distinct categories of detection and tracking. These two categories have direct 
correlation to the original project specification (refer Appendix A) and the significance of 
the study and specific objectives outlined in Chapter 1. 
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5.4.1 Detection 
Reference to detection in the context of this project and the noxious weed St. John’s wort 
is subdivided into two focus areas. These are detection with respect to accuracy against 
known locations, and detection with respect to the ability to identify new occurrences of 
the weed. 
For a methodology to be adopted to either enhance or supersede existing practices, 
effectiveness is of primary importance. Here, detection accuracy provides a measure of 
effectiveness. As shown in the results and discussed earlier in this chapter, the detection 
accuracy of the applied methodology does not reach a level that would deem it effective. 
Refinement of the methodology in terms of trialing higher resolution imagery and 
coupling this with unrestricted ground truthing is anticipated to increase the level of 
accuracy to a point where detection via remote sensing is effective enough for practical 
implementation. 
From that point, where known occurrences are being effectively detected, confidence in 
the ability of the process to detect new occurrences could reach a level whereby site 
verification of such occurrences becomes a matter of course. That is, stakeholders such as 
local control authorities could prepare for site verification with confidence in what will be 
found as opposed to more speculative approaches. This is considered likely to provide 
enhancement to early targeted treatment programs. 
 
5.4.2 Tracking 
Subsequent to practical detection applications are practical tracking applications, which in 
the context of this project relate to tracking the spread and / or contraction of St. John’s 
wort infestations. More aligned to a monitoring function, tracking methodologies 
applying the use of remotely sensed data fall in line with the aim and objectives which 
target efficiency. That is, efficiency from both time and cost perspectives, in which an 
overlap is evident. 
By remotely tracking the spread of known occurrences, the local control authority 
(together with other interested stakeholders) would have the ability to focus attention on 
infestations that are spreading to ensure adequate controls are being implemented, and 
implement further controls should a particular case call for such action. Effectiveness 
reviews of various controls under implementation could be a secondary benefit in this 
regard. By way of example, biological control reduces the density and rate of spread 
while application of herbicide kills the weed (Naughton & Bourke 2007). Different 
approaches may be called upon in different cases (sensitive environmental areas for 
example), and remote sensing tracking methodologies could be used to monitor each case 
with reduced time on site and travel time. 
In consideration of the effectiveness of any tracking methodology implemented, again it 
is not considered that the end methodology utilised in this project provides an adequate 
level of accuracy. Ground truthing, which local control authorities are less impeded by in 
terms of access restrictions, together with use of finer resolution satellite imagery are 
anticipated to increase accuracy levels. This could be confirmed via further research, a 
thought expanded upon in Chapter 6. 
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5.5 Summary 
This chapter has discussed in detail the results obtained through application of the project 
methodology. Notable results have been highlighted, and the results have been discussed 
with regard to normal expectations and alignment with previous studies of a similar 
nature. 
Limitations of the study in terms of data and software utilised, spectral signature 
similarities and site accessibility have also been outlined, as have implications for 
practical applications with particular focus on detection and tracking methodologies. 
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CHAPTER 6 – CONCLUSION 
 
6.1 Introduction 
This chapter outlines the conclusions drawn from the results of the project, and also 
provides recommendations with respect to further research possibilities. It is hence 
divided into two sub-sections, 6.2 Project Conclusions and 6.3 Recommendations. 
The conclusions will provide detail regarding the significance and relevance of the 
project outcomes, with links to the project parameters outlined in Chapter 1. Conclusions 
will also recap on implications for practical applications. 
The recommendations are provided to guide further activity and research relevant to the 
topic. Such recommendations are hoped to enhance the potential for effective practical 
implementation of the methodology adopted for this project. 
 
6.2 Project Conclusions 
To discuss the significance and relevance of project outcomes, it is important to first 
reiterate the overall project aim and objectives. 
The aim of this project, to identify the spectral signature of St. John’s wort using freely 
available remotely sensed data and remote sensing processing methods, was coupled with 
four specific objectives: 
1. Obtain remotely sensed data, freely available and regularly captured, covering the 
study area. 
 
2. Utilise freely available geographic information system / remote sensing software 
packages and remote sensing techniques to identify the spectral signature of St. 
John’s wort. 
 
3. Map locations / occurrences of St. John’s wort throughout the Bega Valley Shire. 
 
4. Investigate the potential to use the techniques reviewed in previous objectives in 
St. John’s wort identification and tracking programs. 
These objectives, approached via application of the project methodology, provided 
project outcomes relevant and significant to the broad project aim. That is, a correlation 
was evident between the accuracy of results and the methodology used, particularly in the 
resolution of the freely available data acquired (namely Landsat 8 satellite imagery). 
Ultimately the adopted methodology, while highly efficient in terms of cost and time, is 
not considered effective enough in terms of reliability of results for practical 
implementation. The detection accuracy of the adopted methodology provides a measure 
of effectiveness in this regard. As outlined within the discussion of results in Chapter 5, 
the detection accuracy does not reach a level whereby it could be deemed effective 
enough to enhance or supersede existing practices. 
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Implications of the study which had distinct impact on the accuracy of results and 
therefore methodology effectiveness can be summarised in four key inter-related areas: 
 Data limitations – relatively coarse image resolution (30m) impacts on outputs 
through increased presence of mixed pixels. This in turn creates implications in 
the detection of weed infestations covering areas less than that of a single pixel. 
 
 Data comparisons – finer resolution satellite imagery is available through an 
increasing number of commercially operated sources. Such finer resolution 
imagery is anticipated to increase detection accuracy, particularly for smaller 
occurrences, however a trade-off exists in terms of cost efficiency, with many 
high resolution image options not being freely available. 
 
 Spectral signature similarity – accuracy of results is impacted by the similarity 
between the spectral signatures of St. John’s wort and surrounding grassland. 
Higher resolution imagery coupled with unrestricted site access is anticipated to 
increase spectral distance between signatures and subsequently increase detection 
accuracy. 
 
 Site accessibility – ground truthing, an important component of results analysis, 
was completely removed from the project methodology due to privacy 
considerations. Inability to verify ground conditions at the point of data capture 
introduces uncertainty regarding parameters such as weed extent, density, slope, 
shade and control methods in effect. 
In reference to implications for practical implementation, detection and tracking 
applications could benefit from the project methodology should certain alternative and 
additional measures be adopted. Effective detection of known occurrences is considered 
likely to increase confidence in detection of new occurrences which could enhance early 
targeted treatment programs. Practical tracking applications, monitoring weed spread / 
contraction, are anticipated to follow detection applications from the point at which they 
achieve reliable accuracy levels. The ensuing recommendations section will elaborate on 
those additional / alternative measures touched on above. 
 
6.3 Recommendations 
Data limitations and site accessibility are the primary considerations from the above 
conclusions section which lead to the recommendations outlined here. 
Exploration of alternative data options in further research activities is an immediate 
observation from the results obtained in this project. Such options do include finer 
resolution imagery that is freely available, for example Sentinel satellite imagery 
available through the European Space Agency. At 10 metre resolution, Sentinel imagery 
provides a medium resolution option that could be trialed with relative ease via the same 
software package and classification process utilised in this project. 
While an obvious trade-off exists between freely available satellite imagery and 
commercially offered solutions, the high resolution imagery available through such 
commercial enterprise could significantly increase the accuracy of results. As such it is 
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recommended that a trial classification, even if of limited extent (area) initially, is 
conducted on imagery of a multispectral resolution in the order of 1.5 metres. 
Site accessibility, the most influential factor impacting this project, is another implication 
immediately evident. Removal of access restrictions would remove any uncertainty with 
respect to prevailing site conditions. Conditions such as weed extent, density, ground 
slope / aspect, presence of shade and control methods in effect all play a role in the 
effectiveness of spectral signature identification. As such it is imperative that effective 
ground truthing forms part of the project methodology in any further research activity. 
To summarise the recommendations outlined here, future research following a similar 
methodology though utilising higher resolution data inputs together with an unrestricted 
ground truthing regime, is anticipated to produce results of a higher accuracy order. 
Should such research be successful, subsequent identification and tracking programs 
developed could provide an effective means of aiding early targeted treatment while also 
providing the associated time and cost benefits of a dynamic remote sensing application.
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University of Southern Queensland 
FACULTY OF HEALTH, ENGINEERING AND SCIENCES 
ENG4111 / ENG4112 Research Project 
PROJECT SPECIFICATION 
FOR:   Matthew Talbot COLLINS 
TITLE: IDENTIFICATION OF SPECTRAL SIGNATURE OF ST 
JOHN’S WORT AND DEVELOPMENT OF A TRACKING 
METHODOLOGY VIA REMOTE SENSING 
MAJOR:  Surveying 
SUPERVISOR:  Armando Apan 
CONFIDENTIALITY: Information regarding known locations of St John’s 
Wort throughout the Bega Valley Shire is maintained on 
Council’s rates database, which is not a public register. 
As such, access to this information needs to be sought 
via application under the Government Information 
(Public Access) Act 2009. 
ENROLMENT: ENG4111 – EXT Semester 1, 2016 
 ENG4112 – EXT Semester 2, 2016 
PROJECT AIM: To determine the spectral signature of the declared 
noxious weed St John’s Wort (Hypericum perforatum), 
then develop an effective tracking methodology to 
assist with understanding the way in which the weed 
spreads and to enable remote identification of new 
infestations for early targeted treatment. 
PROGRAMME: (Issue 2, 15 March 2016) 
1. Research existing information relating to noxious weeds, their 
classification and specific properties of, and issues associated with the 
declared noxious weed St John’s Wort. 
2. Review current leading remote sensing spectral signature identification 
techniques and spread-tracking methodologies. 
3. Collect, analyse and categorise field data from known locations. 
4. Confirm the spectral signature of St John’s Wort via remote sensing 
techniques (satellite imagery). 
5. Map existing locations of St John’s Wort across the Bega Valley Shire 
utilising satellite imagery. 
6. Categorise previously unknown locations by extent and density.  
7. Develop a tracking methodology from the above findings which will 
enable regular monitoring of location and spread together with 
identification of new sites. 
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If time and resources permit: 
8. Compare the effectiveness of the developed tracking methodology 
against other systems/processes. 
9. Recommend refinements to the developed tracking methodology to 
enhance effectiveness. 
 
 
 
84 
 
APPENDIX B – SPECTRAL DISTANCE 
COMPARISONS 
85 
 
Landsat 8 Scene 29 July 2015 (Page 1 of 3) 
 
 
 
 
 
 
 
 
 
86 
 
Landsat 8 Scene 29 July 2015 (Page 2 of 3) 
 
 
 
 
 
 
 
 
 
87 
 
Landsat 8 Scene 29 July 2015 (Page 3 of 3) 
 
 
 
  
 
 
 
 
 
 
88 
 
Landsat 8 Scene 1 October 2015 (Page 1 of 3) 
 
 
 
 
 
 
 
 
89 
 
Landsat 8 Scene 1 October 2015 (Page 2 of 3) 
 
 
 
 
 
 
 
 
 
90 
 
Landsat 8 Scene 1 October 2015 (Page 3 of 3) 
 
 
 
 
 
 
 
 
 
91 
 
Landsat 8 Scene 4 December 2015 (Page 1 of 3) 
 
 
 
 
 
 
 
 
 
92 
 
Landsat 8 Scene 4 December 2015 (Page 2 of 3) 
 
 
 
 
 
 
 
 
 
 
93 
 
Landsat 8 Scene 4 December 2015 (Page 3 of 3) 
 
 
 
 
 
 
 
 
 
 
94 
 
Landsat 8 Scene 22 February 2016 (Page 1 of 3) 
 
 
 
 
 
 
 
 
 
95 
 
Landsat 8 Scene 22 February 2016 (Page 2 of 3) 
 
 
 
 
 
 
 
 
 
 
96 
 
Landsat 8 Scene 22 February 2016 (Page 3 of 3) 
 
 
 
 
 
 
97 
 
APPENDIX C – CLASSIFICATION REPORTS 
98 
 
Landsat 8 Scene 29 July 2015 
 
 
Landsat 8 Scene 1 October 2015 
 
 
 
 
 
99 
 
Landsat 8 Scene 4 December 2015 
 
 
Landsat 8 Scene 22 February 2015 
 
